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THE  APPLICATION  OF  THE  PNEUMATIC  CAISSON 
TO  CONCRETE  MINE  SHAFTS. 

W.  F.  Collar,  ’04. 

The  advantages  of  compressed  air  in  caisson  work 
were  well  known  in  this  country  forty  years  ago.  As  early 
as  1870  the  pneumatic  caisson  was  well  enough  developed 
to  be  employed  in  the  construction  of  the  Eads  bridge 
across  the  Mississippi  river  at  St.  Louis.  Later  in  1884, 
the  same  principle  was  employed  in  the  building  of  the 
piers  of  the  Baltimore  and  Ohio  railway  bridge  at  Havre 
de  Grac,  Md.  Previous  to  this  time  pneumatic  piles  were 
used,  but  the  practice  of  using  compressed  air  to  tiold  back 
water  in  excavations  below  the  water  level  was  not  general. 
The  method  has  now  been  developed  to  the  point  where  it 
is  successfully  applied  to  the  construction  of  foundations 
of  large  buildings,  dams,  tunnels,  intakes  for  water  works, 
light  houses,  and  mine  shafts.  The  simple  pneumatic  cais- 
son is  a metallic  box  without  an  enclosing  wall  at  the 
bottom,  sunk  in  the  water  or  earth.  Air  is  introduced  into 
the  box  until  the  pressure  is  sufficiently  great  to  prevent 
the  water  from  entering  the  box  from  the  bottom.  This 
pressure  must  be  high  enough  at  all  times  to  overbalance 
the  hydrostatic  head  of  water  minus  the  loss  in  the  head 
due  to  the  frictional  resistance  of  the  surrounding  material 
opposing  the  flow  of  the  water  into  the  caisson. 

Although  one  of  the  original  uses  of  the  pneumatic 
process  was  in  mine  shaft  construction,  its  employment  in 
this  field  has  been  general  in  this  country  only  during  the 
past  ten  years.  It  has  been  brought  to  the  highest  state  of 
development  in  the  Lake  Superior  iron  mining  district,  on 
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the  Marquette,  Menominee,  Missabe,  Vermillion,  and 
Cuyuna  Ranges.  With  few  exceptions,  the  shafts  sunk  in 
this  region  have  been  made  of  re-inforced  concrete,  some 
of  which  are  circular  both  outside  and  inside,  while  others 
are  circular  outside  and  rectangular  inside.  In  all  cases,  a 
steel  cutting  edge  made  in  the  form  of  a cylinder  by  joining 
plates  and  angles  is  fastened  to  the  inside  circular  or  rec- 
tangular section.  The  forms  for  the  concrete  consist  of 
light  steel  plate  on  the  outer  side  of  the  wall  and  wooden 


forms  on  the  inner  side.  Both  sets  of  forms  are  inter- 
changeable so  that  three  sets  are  usually  used  to  permit  the 
lower  part  of  the  concrete  to  set  thoroughly  while  concrete 
is  being  poured  in  above.  After  the  cutting  edge  is  set  up 
and  the  walls  built  up  ten  or  fifteen  feet,  the  excavation  is 
begun.  The  material  through  which  the  shaft  is  to  be  sunk 
is  removed  by  clam  shell  or  orange  peel  dredges.  As  the 
excavation  progresses  and  the  concrete  wall  is  built  up,  the 
mass  of  the  concrete  becomes  great  enough  to  cause  the 
shaft  to  sink  as  a unit.  This  method  is  continued  until  the 
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weight  of  the  shaft  is  no  longer  great  enough  to  overcome 
the  external  frictional  resistance  between  the  wall  and  the 
earth,  or  some  hard  substance  as  rock  stops  the  action  of 
the  cutting  edge. 

When  this  point  is  reached,  preparations  are  made  for 
applying  the  pneumatic  method.  A deck  is  constructed 
over  the  top  of  the  shaft  so  as  to  form  a working  chamber 
below.  This  deck  rests  in  a notch  in  the  concrete  that  is 
eight  to  ten  inches  deep.  Three  courses  of  I2"xi2"  fir  or 
yellow  pine  timber  are  placed  with  the  ends  in  this  notch 


Pig.  2. 

Circular  Outside  and  Inside  Design. 

Showing  Forms,  Re-Inforcing,  Dredge  Well,  and  Air  Lines. 

alternately  crosswise  and  lengthwise  of  the  opening.  The 
ends  of  the  timbers  are  wedged  in  the  notch  with  hard 
wood  wedges.  The  deck  is  sealed  with  three  inch  planking 
on  the  under  side  and  the  cracks  are  caulked  with  oakum. 
Grout  is  then  poured  around  the  top  edges  of  the  timber 
to  make  the  joint  as  air  tight  as  possible.  Openings  are  left 
through  the  deck  for  the  air  lock,  the  four  inch  air  shafting, 
the  two  four  inch  air  lines,  and  for  the  one  inch  line  for 
signals. 

The  air  shafting,  made  of  half  inch  plate  four  inches 
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in  diameter,  is  caulked  for  sixty  pounds  pressure.  Guide 
ladders  and  connecting  flanges  are  provided  for  joining  one 
section  to  another.  The  air  lock  is  that  known  as  the 
Moran  Patent.  It  is  circular  or  horse-shoe  shape  in  form, 
and  has  hinged  doors  placed  eccentric  with  each  other  in 
the  top  and  bottom  diaphragms  of  the  lock.  Tevers  operate 
these  doors  through  stuffing  boxes  in  the  side  of  the  lock. 
At  the  edge  of  the  door  in  the  top  diaphragm  and  directly 
over  the  center  of  the  door  in  the  bottom  diaphragm  is 
placed  a stuffing  box  through  which  passes  a cable  from 
the  derrick  boom  to  the  working  chamber  below.  Material 
is  taken  in  and  out  of  the  caisson  by  this  cable.  Two  sets 
of  equalizing  valves  are  used — one  large  set  on  the  outside 
of  the  lock  and  one  small  set  on  the  inside.  The  medical 
lock  which  is  a comparatively  new  device  in  this  work  is 
a two  compartment  apparatus  fitted  with  special  valves. 

In  starting  the  work  with  the  air,  the  top  door  is  held 
down  and  air  is  pumped  into  the  shaft.  In  ordinary 
ground,  the  water  is  driven  down,  but  sometimes  it  is  nec- 
essary to  pump  it  out.  If  the  excavated  material  is  of  such 
nature  that  it  can  be  blown  out,  it  is  handled  in  this  man- 
ner, but  usually  it  is  taken  to  the  surface  in  buckets.  The 
customary  procedure  is  to  excavate  in  the  center  and  leave 
a small  bank  around  the  cutting  edge.  The  shaft  is  then 
“ditched,”  that  is,  the  bank  is  thrown  into  the  center.  If 
after  ditching  the  shaft  does  not  settle,  the  air  pressure  is 
reduced  slowly  or  rapidly  as  the  conditions  may  require. 
Sometimes  with  the  reducing  of  a few  pounds  the  shaft 
will  drop  slowly,  and  other  times  it  is  necessary  to  release 
all  the  air.  Occasionally  it  is  necessary  to  apply  an  eccen- 
tric load  of  sand  or  pig  iron  to  make  the  shaft  settle  straight. 
The  progress  of  the  sinking  varies  with  the  material  almost 
entirely  until  the  depth  reaches  a point  where  a heavy  pres- 
sure is  required  and  the  actual  working  time  is  greatly 
diminished.  The  building  of  the  walls  on  top  and  the  sink- 
ing of  them  are  carried  on  at  the  same  time.  As  much  as. 
five  and  six  feet  have  been  constructed  in  a period  of  ten 
hours,  but  two  or  three  feet  is  a good  average  unless  rock 
is  encountered. 

Shaft  work  is  quite  different  from  foundation  work 
for  structural  purposes,  in  that  it  is  not  so  much  that  the 
rock  ledge  is  required  for  a foundation,  but  that  a water 
tight  joint  be  made  with  the  ledge  so  as  to  shut  off  the  sur- 
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face  water  and  the  fine  sand  as  the  shaft  is  sunk  through 
the  rock.  To  secure  a water  tight  joint  it  is  often  neces- 
sary to  excavate  through  the  decomposed  top  surface  of  the 
rock  to  a depth  of  ten  or  fifteen  feet.  Some  of  the  condi- 
tions that  are  often  encountered  and  must  be  overcome  are 
large  cracks  in  the  rock,  clay  seams,  and  an  angle  in  the 
ledge.  In  making  the  final  seal,  the  rock  is  excavated  below 
and  outside  of  the  cutting  edge.  This  excavation  is  filled 
with  concrete  which  is  built  up  to  conform  with  the  inside 
section  of  the  shaft.  The  average  size  of  the  interior  sec- 
tion of  the  shaft  is  fourteen  feet  ten  inches  by  ten  feet  ten 
inches,  but  .it  may  vary  with  the  deposit  and  amount  of  ore 
to  be  mined  annually. 

The  length  of  time  men  may  work  in  the  compressed 
air  has  been  determined  with  great  care,  and  if  the  few 
advised  precautions  are  observed,  comparatively  few  men 
are  overcome  in  the  ordinary  pressures.  The  following 
scale  of  working  hours  is  usually  in  force : 

1 8-hr.  shift  for  22  pounds  and  under,  hr.  for  lunch. 

2 3-hr.  shifts  for  23  to  30  pounds. 

2 2-hr.  shifts  for  31  to  34  pounds. 

2 i^-hr.  shifts  for  35  to  38  pounds. 

2 1 -hr.  shifts  for  39  to  42  pounds. 

2 45-min.  shifts  for  43  to  45  pounds. 

2 40-min.  shifts  for  46  to  50  pounds. 

After  thirty-nine  pounds  pressure  is  reached,  the  mini- 
mum time  of  decompression  requires  twenty-five  minutes. 

The  scale  of  hours  differs  materially,  depending  upon 
the  nature  of  the  work.  Where  large  caissons  are  being 
sunk  and  where  man  and  material  locks  can  be  used,  the 
scale  of  hours  may  be  increased  as  the  time  of  decompres- 
sion may  be  increased  without  impeding  the  progress  of  the 
work.  Stage  decompression  is  employed  in  tunnels  and 
the  hours  are  lengthened.  Physical  examination  is  usually 
required  of  men  who  are  not  accustomed  to  air  pressure. 
Men  who  take  care  of  themselves,  have  moderate  habits, 
and  pay  attention  to  the  time  of  decompression,  have  very 
little  trouble  standing  the  air  pressure  for  long  periods  of 
time.  Some  of  the  men  who  worked  on  the  Havre  de  Grace 
bridge  are  still  following  the  same  line  of  work. 

Caisson  disease,  as  the  effect  of  air  on  the  body  is 
called,  is  a very  strange  disease  and  at  the  present  time  is 
causing  much  interest.  The  air  pressure  effects  men  in 
a variety  of  ways.  It  is  the  general  opinion  that  preven- 


Concrete  Mine  Shafts — Collar  13 

tion  is  the  only  positive  cure  and  that  slow  decompression 
is  imperative.  The  generally  accepted  theory  is  that  the 
excess  air  pressure  assimilated  by  the  body  forms  air  bub- 
bles in  the  tissues  to  such  an  extent  that  they  do  not  escape 
when  decompression  takes  place,  and  that  these  small  bub- 
bles cause  hemorrhages  in  the  minute  blood  vessels.  When 
these  hemorrhages  take  place  in  the  nerve  centers,  vertigo, 
unconsciousness,  and  paralysis  occur.  The  mildest  form  of 
the  disease  is  known  as  “bends”  and  affects  the  joints.  The 
pains  are  very  sharp  and  last  a considerable  length  of  time. 


Fig.  4. 

Circular  Outside  and  Rectangular  Inside  Design. 

Cutting  Edge  Partly  Filled  with  Concrete. 

Paralysis  is  the  most  serious  form  and  generally  causes 
death,  but  it  rarely  occurs  in  pressures  lower  than  thirty 
pounds.  When  the  expanding  air  bubbles  collect  in  the 
lungs,  congestion  takes  place  and  unconsciousness  usually 
follows.  A man  may  be  overcome  at  any  time.  No  two 
attacks  come  under  the  same  physical  conditions. 

The  writer  experienced  a serious  attack  of  paralysis 
when  he  imprudently  exposed  himself.  He  went  into  a 
pressure  of  forty-eight  pounds  twice  in  the  same  day,  stayed 
too  long  for  the  time  he  took  to  decompress,  and  then  ex- 
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posed  himself  to  a temperature  of  fifteen  degrees  below 
zero  upon  coming  out.  No  effects  were  noticed  until  he 
had  reached  his  home  a half  mile  distant  when  sharp  pains 
appeared  in  the  shoulders  and  gradually  worked  down  into 
the  legs.  He  at  once  started  for  the  medical  lock  but  did 
not  get  there  before  he  was  overcome.  After  an  hour  and 
a half  in  the  lock  he  was  apparently  cured  but  a second 
attack  left  him  in  a condition  such  that  the  repeated  appli- 
cation of  the  compressed  air  had  no  effect.  He  has  grad- 
ually improved  since  then  and  now,  four  years  later,  has 
little  or  no  difficulty  in  walking.  The  regenerating  of  nerve 
tissue  and  the  wasting  of  scar  tissue  is  a very  slow  process. 

The  treatment  for  all  of  these  diseases  is  re-immersion 
in  the  pressure  and  slow  decompression.  The  medical  air 
lock  is  expressly  designed  for  this  purpose.  It  is  a large 
cylinder  resembling  a boiler,  divided  into  two  compartments. 
The  divisions  are  provided  with  air  supply  pipes  and  steam 
heat.  Special  escape  valves  are  placed  in  both  rooms.  The 
man  is  placed  in  the  cylinder  and  subjected  to  the  pressure 
at  which  he  had  been  working.  Unless  he  has  exposed  him- 
self to  a low  pressure  too  long  he  obtains  immediate  relief. 
Allowing  a considerable  length  of  time  for  saturation,  the 
pressure  is  then  reduced  to  two-thirds  or  a half  of  the 
original  pressure  at  the  rate  of  about  a pound  a minute. 
The  remaining  pressure  is  reduced  at  a much  slower  rate 
to  allow  a slow  decompression. 
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IRON  LOSSES  AT  LOW  FLUX  DENSITIES 

C.  J Huber,  ’08. 

Although  much  work  has  been  done  in  investigating  the 
behavior  of  iron  in  relatively  strong  magnetic  fields,  little  is 
known  of  its  behavior  at  densities  below  500  gausses.  The 
determination  of  the  losses  and  permeability  of  iron  at  such 
low  flux  densities  has  recently  become  of  importance  in 
the  commercial  world  in  connection  with  current  trans- 
formers, loading  coils  in  telephone  work  and  in  various 
other  instruments  such  as  soft  iron  ammeters  and  volt- 
meters. Current  transformers  are  designed  to  work  the 
iron  below  the  knee  of  the  magnetization  curve,  giving 
low  losses  and  high  permeability  in  order  that  the  ratio 
may  be  as  nearly  constant  as  possible  and  the  phase  angle 
have  a small  value. 

Various  methods  have  been  devised  to  determine  the 
energy  loss  during  the  magnetic  cycle.  The  wattmeter 
method  is  the  one  now  generally  used  in  determining  this 
loss.  A diagram  of  connection  for  the  simple  wattmeter 
method  for  measuring  the  loss  at  a given  voltage  is  shown 
in  Fig.  1. 


wtn 


The  voltage  key  is  left  open  while  the  wattmeter  is 
read.  Also  a correction  has  to  be  made  for  the  loss  in 
the  potential  circuit  of  the  wattmeter.  The  computation 
of  the  results  is  complicated  in  this  method.  It  is  pref- 
erable in  any  case  to  have  two  windings : one  for  the  mag- 
netizing current  and  the  other  for  the  potential  circuits  of 
the  instruments. 
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From  the  very  nature  of  the  problem,  the  voltage  must 
be  stepped  up  in  order  to  obtain  the  desired  sensibility.  In 
doing  this  great  care  must  be  taken  to  make  the  leakage 
flux  as  small  as  possible.  The  entire  path  of  magnetic 
lines  must  be  completely  in  the  iron  or  completely  outside 
the  iron.  This  condition  is,  in  practice,  best  realized  with 
a ring  specimen  with  uniform  windings  which  approaches 
the  ideal  case  of  a current  sheet.  Butt  and  lapp  joints  must 
be  avoided  The  flux  distribution  should  be  uniform  over 
the  cross  section  and  this  section  be  great  enough  to  avoid 
shearing  effects.  The  magnetic  history  of  the  iron  plays 
an  important  part  in  measurements  of  its  losses  at  low  den- 
sities. Great  care  has  to  be  taken  to  completely  demag- 
netize the  iron  and  not  to  allow  the  flux  to  rise  above  the 
desired  value. 

The  diagram  of  connections  for  the  modification  of 
the  simple  wattmeter  method  used  is  shown  in  Fig.  2. 
From  the  dimensions  of  the  core  and  the  number  of  turns 
the  voltage  for  a given  maximum  flux  density  was  calcu- 
lated. This  voltage  was  measured  with  a dynamometer 
with  a variable  multiplier,  which  had  previously  been  cali- 
brated on  direct  current  at  the  exact  point  used.  The  alter- 
nating current  supply  was  controlled  by  means  of  a rheostat 
in  the  generator  field  so  that  there  would  be  no  wave  dis- 
tortion due  to  series  resistance.  Two  different  generators 
were  used  one  being  star  connected  3 phase,  thus  elimin- 
ating the  3rd  harmonic  and  the  other,  while  single  phase, 
gave  a remarkably  pure  wave,  so  that  it  was  known  that 
the  wave  used  was  in  either  case  sinusoidal  within  2%. 
The  loss  was  measured  by  a second  dynamometer,  with 
the  exciting  current  passing  through  its  field  coil  and  with 
its  potential  coil  with  variable  multiplier  in  parallel  with 
the  voltmeter.  An  electrostatic  tie  was  made  between  the 
fixed  and  moving  systems  to  eliminate  any  electrostatic  dif- 
ficulties that  might  cause  an  error  in  the  readings.  For  the 
given  a.  c.  voltage  the  deflection  of  the  wattmeter  dynamom- 
eter was  read  and  then  calibrated  on  d.  c.  The  product 
of  the  d.  c.  amperes  and  volts  gave  the  total  loss  in  watts 
multiplied  by  the  ratio  of  secondary  to  primary  turns.  To 
obtain  the  loss  in  the  iron,  correction  was  made  for  the 
potential  circuits  of  the  wattmeter  and  voltmeter  and  the 
ratio  factor  removed.  The  correction,  of  course,  changed 
for  every  change  of  multiplier  in  either  circuit.  While 
taking  readings  in  iron  loss  measurements  the  frequency 
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must  be  kept  constant.  The  iron  loss  by  Steinmetz’s  equa- 
tion is  W = K1  f Bm1^  +K 2 f2  Bm2  where  /=  frequency 
and  is  seen  to  enter  both  terms  of  the  right  hand  member. 

Curve  i,  Plate  i,  gives  the  core  loss  curve  for  a cur- 
rent transformer,  of  primary  winding  capacity  of  40  am- 
peres, and  ratio  of  8 to  1.  This  curve  shows  a core  loss 
varying  from  about  .001  watt  at  20%  full  load  to  .031  watt 
at  full  load,  giving  a good  idea  of  the  magnitude  of  the 
amount  of  energy  expended  in  the  core  of  such  instruments. 

Curve  2,  Plate  1,  gives  core  loss  curve  for  a 3 KW, 
120  to  4- volt  transformer,  the  core  loss  being  plotted  watts 
per  Kg  against  flux  density.  This  curve  very  nearly  has 
the  form  of  a parabola,  w — K B2,  showing  that  at  low 
densities  the  loss  is  approximately  proportional  to  the 
square  of  the  flux  density.  From  this  it  may  be  noted 
that  the  Steinmetz  exponent,  1.6,  for  hysteresis  loss  must 
approach  2.  A current  transformer  investigated  by  Ag- 
new1  gave  a ratio  curve  of  the  form  of  No.  1,  Fig.  3,  in- 
stead of  the  ordinary  curve  of  the  form  of  No.  2. 


Fig.  3. 


From  theoretical  consideration  he  has  shown  that  the 
ratio  curve  would  have  the  form  of  No.  1,  that  is  slope 
downward  for  low  current  values,  if  the  ratio  of  variation 
diV/.w  :dJB/B  in  the  core  loss  equation  W = KBX  became 


lAgnew. — Bull.  Bur.  of  Standards,  Vol.  7,  No.  3,  Reprint  164. 
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Plate  I. 


greater  than  2 for  this  part  of  the  curve.  Upon  investiga- 
tion this  was  found  to  be  actually  the  case. 

It  has  been  shown  that  the  usual  methods  of  deter- 
mining the  exponent  fail  to  give  the  true  value  whenever 
the  exponent  is  variable  but  the  quantity  which  is  deter- 
mined by  these  methods  is  in  reality  the  total  logarithmic 
derivative  of  the  iron  loss  in  respect  to  the  flux.  For  this 
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derivative  the  name  “ratio  of  variation”  has  been  sug- 
gested. However,  for  the  case  of  constant  exponent  the 
ratio  of  variation  and  exponent  are  the  same. 

Tabus  I. 

Total  Iron  Losses  (Watts  per  Kg.) 


Flux  Density, 
lines  per 
sq.  cm. 

Transformer  Si 
Ordinary  Steel 

Transformer  S3 
Silicon  Steel 

1 

Cycles 

30 

60 

1 

30 

60 

30 

40 

50 

60 

.000080 

.000145 

.000235 

.000040 

.000050 

.000092 

.000158 

.000353 

.00006 

.000135 

80 

.000294 

.0006312 

.00011 

.000256 

100 

.000458 

.000971 

.00018 

.000390 

120 

.000666 

.00139 

.00027 

.000570 

160 

.00116 

.00242 

.00052 

.00103 

200 

.00179 

.00375 

.00079 

.00167 

250 

.00272 

.00585 

.00126 

.00270 

300 

.00385 

.00807 

.00185 

.00385 

400 

.00653 

.0140 

.00330 

.00694 

500 

.00895 

.0214 

.00518 

.0109 

600 

.0140 

.0298 

.00762 

.0154 

Table  , i,  gives  the  core  loss  data  for  transformers  Sj 
and  S3.  The  dimensions  of  their  cores  and  their  winding 
data  are  the  same.  This  table  shows  that  for  a given  fre- 
quency and  flux  density  the  loss  in  silicon  steel  is  less  than 
one  half  as  great  as  that  in  ordinary  transformer  steel. 

The  iron  loss  data  have  a direct  bearing  on  the  design 
of  transformers.  For  a non-inductive  load  the  formulas1 

F 

for  ratio  and  phase  angle  are  R = n-\ and  0 = tan—1 

h 

M 

respectively  where  n is  the  ratio  of  turns,  M the 

n /2 
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magnetizing  component  of  the  exciting  current  and  P the 
core  loss  component  of  the  exciting  current. 

r W “I  n W 

But  R — n \ i -f since  P — 

L r2I2 2 J r2I2 

In  order  to  have  a horizontal  straight  line  ratio  curve 
it  is  necessary  for  the  second  term  of  the  right  hand  mem- 
ber to  be  zero  or  constant.  To  cause  this  term  to  approach 
zero,  iron  with  low  losses  should  be  used.  In  order  that 
this  term  may  be  approximately  constant,  W should  be  pro- 
portional to  r2  I2.  This  condition  is  practically  realized 
when  the  ratio'  of  variation  is  nearly  constant  and  equal 
to  2.  Experiments  on  different  kinds  of  steel  with  various 
thickness  of  sheets  would  probably  result  in  obtaining  a 
specimen  having  this  ratio  of  variation.  This  steel  should 
also  have  a high  permeability  so  that  the  phase  angle  would 
remain  small. 
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THE  RELATION  OF  THE  ENGINEER  TO  INDUS- 
TRIAL SAFETY. 

P.  H.  Goda,  ’04. 

Every  known  industry  has  connected  with  it  a cer- 
tain element  of  risk,  and  although  this  varies  with  the  in- 
dustry, in  no  case  is  it  entirely  absent.  Many  persons  are 
injured  each  day  in  industrial  accidents.  These  accidents 
may  be  due  to  a variety  of  causes,  chief  among  which  might 
be  mentioned  ignorance,  carelessness,  unsuitable  clothing, 
insufficient  lighting,  dirty  and  obstructed  work-places,  de- 
fects of  machinery  and  structures,  and  absence  of  safe- 
guards. Accidents  again  may  be  classified  as  avoidable  and 
unavoidable.  Of  the  avoidable  accidents  many  are  directly 
within  the  control  of  the  injured  themselves  and  a large 
per  cent  could  be  eliminated  by  proper  supervision  and  pre- 
caution. It  is  the  latter  class  of  accidents  which  should  in- 
terest every  engineer. 

The  principles  of  safeguarding  and  safeworking  in  in- 
dustry should  be  a part  of  the  education  of  every  engineer. 
Progress  in  the  elimination  of  industrial  accidents  cannot  be 
attained  by  acts  of  legislatures,  recommendations  from  cas- 
ualty insurance  companies,  and  admonitions  of  sociologists 
alone,  but  in  a great  degree  by  scientific  study  of  the  prob- 
lems of  safeguarding,  supervision  and  instruction  of  em- 
ployees. Employer  and  employees  alike  must  take  an  active 
interest  in  the  prevention  of  accidents  to  obtain  any  results 
from  their  labors.  Mechanical  safeguards  alone  will  not 
prevent  accidents,  but  personal  care  of  the  employee  is  the 
safeguard  which  should  be  chief  in  every  industry,  large 
or  small. 

Within  the  past  two  years  many  of  the  railroads  and 
manufacturing  concerns  have  inaugurated  safety  systems. 
Primarily,  these  systems  embody  the  organization  of  local 
safety  committees  representing  various  branches  of  service. 
It  is  the  duty  of  these  safety  committees  to  make  periodical 
inspections  of  the  various  departments  of  the  shops  and 
grounds  and  report  unsafe  conditions  and  practices.  These 
reports  are  made  to  the  superintendent  of  the  shop  or  di- 
vision in  the  case  of  a railroad,  and  are  accompanied  bv 
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recommendations  to  remedy  the  unsafe  conditions.  Most  of 
the  larger  railroads  and  manufacturing  concerns  have  one 
or  more  special  safety  inspectors  who  make  a special  study 
of  the  problems  of  safeguarding  and  safeworking  in  the 
shops.  As  a result  of  these  precautions  safeguards  have 
been  applied  to  all  classes  of  machinery  at  an  expenditure 
of  many  thousands  of  dollars. 


Fig.  1. 

Wire  Netting  and  Sheet  Metal  Guards  for  Motor  Driven  Punch 

and  Shear. 


There  are  fundamental  reasons  why  the  subject  of 
industrial  safeguards  should  be  of  the  greatest  interest  to 
an  engineer.  The  installation  of  safety  devices  in  a new 
plant,  the  proper  equipment  of  new  machinery  that  may  be 
added  to  it  from  time  to  time  and  the  application  of  safety 
devices  to  old  equipment  involve  the  expenditure  of  large 
sums  of  money  and  the  problem  of  the  economical  expend- 
iture of  this  money  is  primarily  one  for  the  engineer.  In 
laying  out  new  work  the  engineer  can  provide  safeguards 
with  minimum  trouble  and  expense  eliminating  a difficulty 
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of  providing  satisfactory  safety  devices  at  a great  expense 
after  the  equipment  has  been  constructed  and  placed  in 
service.  In  many  drafting  rooms  drawings  are  now  checked 
for  safety  before  they  are  accepted  to  make  sure  that  all 
desirable  safety  features  have  been  included  in  them. 

The  standardization  of  safety  devices  is  an  important 
feature  of  the  safety  work.  Some  of  the  larger  corpora- 
tions have  compiled  standard  specifications  and  safety  rules 
for  engines,  boilers,  electric  cranes,  elevators,  machine  tools, 
etc.  It  is  the  practice  of  nearly  all  machine  tool  builders 
now  to  provide  machines  with  ample  safeguards,  particu- 
larly to  cover  all  gears.  Sometimes  these  guards  are  rather 
incomplete,  showing  that  the  designer  had  in  mind  appear- 
ance rather  than  utility.  A discussion  of  the  specifications 
for  various  safeguards  is  given  below.  These  specifications 
represent  data  for  safety  requirements  of  equipment  now 
used  in  the  shops  of  many  large  and  progressive  corpora- 
tions. 

Gears. — All  gears  should  be  completely  enclosed  not 
only  at  the  meshing  point,  but  around  the  entire  circumfer- 
ence. The  sides  of  the  guard  should  be  flanged  to  cover 
the  teeth  to  the  base.  Many  gear  guards  which  are  applied 
by  manufacturers  of  machines  cover  only  the  outside  of  the 
gears  leaving  an  opening  between  the  guard  and  the  teeth 
which  makes  a trap  for  injury  in  place  of  a safeguard. 
Gear  guards  should  not  be  removed  from  a machine.  Where 
gears  must  be  changed  such  as  feed  gears  of  lathes,  the 
guard  should  be  so  attached  to  the  machine  that  it  can  be 
opened  or  lifted  by  means  of  hinges.  A removable  guard 
is  not  safe,  as  a workman  being  accustomed  to  a guard  may 
remove  it  and  forget  to  replace  it  and  injury  result  when 
gears  are  exposed.  Large  gears  should  have  the  arms  cov- 
ered either  by  making  a solid  cover  of  sheet  metal  or  a 
center  of  wire  netting  and  cover  over  teeth  of  sheet  metal. 
The  combination  guard  of  sheet  metal  and  netting  has  the 
advantage  of  affording  a view  of  the  gears  for  inspection 
of  any  possible  defects. 

Set  Screws.— Set  screws  with  heads  projecting  above 
surface  should  not  be  used  in  shafting  or  revolving  parts  of 
machinery  of  any  description.  Either  a hollow  set  screw 
should  be  used  or  the  projecting  head  countersunk  below 
the  surface,  using  a socket  wrench  for  adjustment.  On  old 
equipment  when  the  stock  is  not  heavy  enough,  it  is  some- 
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times  necessary  to  apply  collars  so  that  head  of  screw  can 
be  countersunk.  Projecting  head  set  screws  are  sometimes 
covered  with  rubber  or  leather  or  even  wooden  disks,  the 
halves  being  held  together  by  wire.  The  safest  plan,  how- 
ever, is  to  keep  the  heads  below  the  surface  or  use  hollow 
set  screws. 

BeXTS  and  PuixkYS. — Belts  supplying  power  from  the 
main  shaft  to  the  machines  should  be  guarded  where  they 
pass  around  pulleys  close  to  the  floor  to  prevent  danger 
of  workmen  being  caught  between  the  belt  and  the  pulley. 
Large  high  speed  belts  under  which  workmen  may  be  em- 
ployed should  have  sheet  metal  or  wood  shields  underneath 
them  to  prevent  injury  in  case  belt  breaks.  Pulleys  located 
near  the  floor  should  have  the  arms  covered  with  sheet 
metal  plates  fastened  to  them  by  means  of  U bolts. 


FIs.  2. 

Wire  Netting  Guard  for  Planer. 

Belt  shifters  should  be  provided  for  throwing  belt 
back  and  forth  from  tight  to  loose  pulleys,  and  be  equipped 
with  a locking  arrangement  so  that  they  will  not  allow  a 
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belt  to  creep  from  the  loose  to  the  tight  pulley  and  allow 
a machine  to  start  up  when  the  operator  is  not  expecting  it. 

Emery  Wheels. — Emery  wheels  should  be  provided 
with  strong  hood  guards  to  hold  the  fragments  in  case  the 
w,heel  bursts.  When  these  guards  cannot  be  used  the 
safety  collar  having  one  side  concave  to  grip  the  wheel 
should  be  applied.  The  rests  should  be  kept  close  to  the 
wheel,  in  good  order,  and  set  at  the  proper  height.  Many 
accidents  on  emery  wheels  are  due  to  fingers  being  caught 
and  ground  off.  Plate  glass  guards  should  be  applied  to 
the  hood  over  the  exposed  part  of  the  wheel  to  protect  the 
eyes  of  the  workman  from  flying  particles  of  emery  and 
metal. 

Emery  wheels  which  are  used  for  heavy  grinding  and 
polishing  should  be  provided  with  dust  collectors  connected 
to  an  exhaust  fan  to  carry  off  the  dust. 

Shafting,  Oiling  Runways,  Ladders,  Walks. — In- 
dividual motor  drives  are  far  superior  to  a network  of  over- 
head shafting  and  belts,  eliminating  various  sources  of  dan- 
ger and  improving  the  lighting  conditions.  Shaft  couplings 
having  exposed  bolt  heads  and  nuts  should  be  covered  with 
metal  sleeves  and  projecting  head  set  screws  should  not  be 
used  in  collars. 

Overhead  shafting  must  be  lubricated  and  it  is,  there- 
fore, necessary  to  provide  convenient  oiling  runways  so 
that  the  oiler  can  do  his  work  without  hazard.  Permanent 
iron  ladders  should  be  so  placed  that  these  runways  can 
be  reached  conveniently  from  various  points  in  the  shop. 

Portable  ladders  should  be  fitted  with  spurs  of  iron 
or  basswood  or  safety  feet  having  a carborundum  surfaced 
metal  plate  to  render  them  non-slipping. 

Permanent  walks  should  be  provided  around  boilers 
to  reach  water  columns  and  operate  valves  in  steam  lines. 

Metal  Planers. — Open  spaces  in  planer  bed  plates 
should  be  covered  with  sheet  metal  aprons.  Workmen 
often  store  clamps  and  bolts  in  these  open  spaces  and 
sometimes  have  their  arms  caught  between  the  moving  bed 
and  the  plate. 

Saws. — Band  saws  should  have  upper  and  lower 
wheels  boxed  in,  preferably  with  wood  doors  so  as  not  to 
damage  the  saw  in  case  it  breaks.  An  adjustable  guard 
should  be  placed  in  front  of  the  exposed  edge  of  the  saw 
to  prevent  injury,  in  case  the  operator  should  slip  and  fall 
or  get  his  head  too  close  to  the  saw. 
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Circular  saws  should  be  provided  with  adjustable  hoods, 
and  spreaders  to  spread  the  material,  preventing  the  “kick- 
back”  which  has  caused  many  injuries. 


Fig.  3. 

Metal  Hood,  Glass  Shield  and  Belt  Guard  for  Emery  Wheel. 

Swing  saws  should  have  a guard  in  front  of  the  teeth 
to  keep  the  operator’s  hands  from  coming  in  contact  with 
them. 
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Wood  Shapers  and  Jointers. — The  wood  shaper  is  a 
dangerous  machine  and  should  be  provided  with  guards  to 
prevent  fingers  slipping  into  the  cutter  head. 

Jointers  should  be  equipped  with  safety  circular  knife 
heads  and  automatic  guards  to  cover  the  revolving  head. 
The  guard  is  pushed  to  one  side  as  material  passes  through 
and  automatically  covers  the  head  again. 

EeEctricae  Apparatus. — Rubber  mats  should  be  pro- 
vided both  in  front  and  back  of  switchboards,  also  around 
transformers  and  commutator  end  of  generators. 

The  backs  of  switchboards  should  be  enclosed  and  kept 
locked  except  for  purposes  of  alterations  or  repairs. 

Switches  should  be  tagged  when  opened  for  repairs 
on  a line.  The  person  making  repairs  should  place  the  sign 
and  it  should  not  be  removed  until  the  operator  is  notified 
by  the  person  that  the  work  is  done.  In  some  plants  locks 
are  provided  for  switches,  the  key  being  taken  by  the  re- 
pairman working  on  the  circuit. 

The  frames  and  bed  plates  of  all  generating  machines, 
motors,  transformer  boxes,  ladders  and  other  metallic  parts 
should  be  jointly  and  efficiently  grounded. 

Motor  starting  rheostats  near  floors  should  be  screened 
or  boxed. 

Wiring  should  be  placed  in  conduit  which  should  be 
continuous  to  switch  boxes  and  rheostats  so  that  there  are 
no  bare  terminals  or  live  conductors  exposed. 

Position  OE  Machinery. — The  installation  of  machin- 
ery in  relation  to  walls,  passages  and  adjacent  tools  and 
equipment  should  receive  careful  consideration.  There 
should  be  a clearance  of  not  less  than  18"  between  the  ex- 
treme position  of  the  reciprocating  parts  of  any  machine  and 
the  wall  or  other  fixed  structure. 

Stationary  Equipment. — Open  stairs,  gangways,  open 
vats,  tanks  or  pans  should  be  provided  with  double  pipe 
railing,  at  least  36"  high  and  if  necessary  provided  with 
panels  of  wire  netting. 

Tooes. — The  handles  in  hammers  and  sledges  should  be 
kept  in  good  condition.  The  heads  of  drift  pins,  chisels, 
bars  and  like  tools  should  be  kept  free  from  burrs  to  elim- 
inate eye  injuries. 

In  concluding  this  brief  review  of  the  more  important 
industrial  safeguards  some  mention  should  also  be  made  of 
the  administrative  measures. 
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Durability  and  Maintenance;  oe  Safeguards.— 
Safeguards  should  be  constructed  of  metal  and  in  the  case 
of  old  equipment  preferably  of  sheet  steel  or  iron,  and  wire 
netting.  Netting  is  superior  to  solid  metal  since  it  permits 
of  easy  inspection  without  removing  the  safeguards  and 
does  not  interfere  with  lighting  conditions. 

Safeguards  should  be  maintained  in  position  by  work- 
men and  neglect  on  their  part  to  do  this  should  be  brought 
to  their  attention. 

Warning  and  Caution  Notices. — These  should  be 
brief  and  used  sparingly.  Long  rules  are  not  effective  and 
are  worthless  if  no  attempt  is  made  to  enforce  them.  Work- 
men become  so  accustomed  to  the  sight  of  a great  many 
notices  that  their  effect  is  soon  lost.  The  admonitions  of  a 
careful  foreman  will  have  more  effect  on  a workman  than 
a whole  catalogue  of  rules. 

First  Aid. — It  is  the  practice  in  most  of  the  large  in- 
dustries to  give  immediate  and  competent  first  aid  service 
within  the  plant.  The  prompt  cleaning  and  dressing  of 
slight  accidental  wounds  gives  relief  to  the  injured  and  ren- 
ders later  medical  attention  more  effective.  Trivial  injuries 
may  result  in  serious  consequences,  if  neglected  and  not 
treated  at  the  proper  time. 

Every  engineer  should  practice  safety  engineering  to 
the  best  of  his  ability,  without  regard  to  compulsion  or  legal 
minimum  and  should  co-operate  with  his  associates  in  bring- 
ing about  an  improvement  in  the  conditions  of  industrial 
life,  and  a reduction  in  industrial  accidents. 
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THE  MANUFACTURE  OF  RESISTANCE  WIRES. 

E.  W.  Gsnt,  ’08. 

In  order  to  meet  the  exacting  requirements  of  the 
present  day  demands  for  resistance  wires,  it  is  necessary 
that  none  but  the  purest  of  metals  be  used.  These  alloys 
are  made  up  in  small  batches  and  with  the  utmost  care  to 
prevent  contamination.  After  the  metals  have  been  prop- 
erly alloyed  they  are  cast  into  ingots  and  successively  re- 
duced in  most  cases  by  hot  rolling  to  y,r  diameter  rods  and 
from  this  stage  are  reduced  by  cold  drawing  through 
“steel  plates”  or  “diamond  dies.” 

Aside  from  the  German  Silver  alloys  which  are  Nickel- 
Copper-Zinc  alloys,  resistance  alloys  are  either,  Nickel- 
Copper,  Nickel- Steel  or  Nickel-Chromium.  A few  words 
concerning  the  particular  field  of  each,  together  with  their 
chief  characteristics  might  be  well  before  describing  the 
various  operations  of  manufacturing  the  same  into  wire. 

The  Nickel-Copper  alloys  usually  containing  approxi- 
mately 40%  Nickel,  have  a resistance  of  about  300  ohms 
per  circular  Mil  foot,  and  a resistivity  co-efficient  which  is 
practically  zero,  changing  from  a “plus”  value  for  hard 
drawn  wire  to  a “negative”  value  when  the  same  wire  has 
been  annealed.  They  usually  have  a Thermo  E.  M.  F. 
against  copper  of  38  Micro-volts  per  degree  Centigrade 
which  is  very  high  and  because  of  this  it  is  largely  used  in 
Thermo  couples  with  either  Copper  or  Iron. 

Nickel-Steels  are  either  the  2%  or  the  30%  Nickel 
mixture.  The  latter  has  a resistance  per  mil  foot  of  525 
ohms  and  because  of  this  high  specific  resistance  together 
with  its  low  cost  is  largely  used  in  rheostats  carrying  heavy 
current. 

Nickel-Chromium  alloys  have  the  highest  specific  re- 
sistance, it  being  about  600  ohms  per  mil  foot,  and  a me- 
dium resistivity  co-efficient  depending  upon  the  gauge,  tem- 
per, and  operating  temperature.  These  alloys  are  used 
almost  entirely  in  electrically  heated  devices  as  they  will 
withstand  red  heat  indefinitely  without  appreciable  change 
in  structure. 
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Manufacture  of  Resistance  Wire — Gent 
Anneaung. 

The  rods  as  they  come  from  the  rolls  have  not  the  same 
temper  throughout  and  it  is  necessary  to  anneal  them 
evenly  before  “drawing.”  The  annealing  operation  is  ac- 
complished by  either  “open  annealing”  in  a muffle  or  “pot 
annealing.”  In  the  latter  method  the  rod  or  wire  is  put 
into  large  iron  pots  and  sealed  with  either  charcoal  or  iron 
borings.  The  purpose  of  the  charcoal  or  borings  is  to 
take  up  the  oxygen  from  the  air  within  the  pot  and  prevent 
the  wire  or  rods  from  oxidizing,  and  also  to  prevent  furnace 
gases  from  entering  the  pot.  These  pots  are  trucked  into 
the  annealing  oven  and  brought  to  a heat  approximately 
1600  degrees  F.  and  after  the  pot  has  reached  the  furnace 
heat  it  is  left  to  “soak”  for  sufficient  time  to  permit  com- 
plete adjustment  of  molecules.  After  removing  the  pot 
from  the  furnace  it  is  left  to  cool  12  hours  before  the  wires 
or  rods  are  removed. 

Cleaning. 

Any  oxide  or  other  surface  coat  must  be  removed 
from  the  wire  and  rods  before  attempting  to  “draw”  them 
and  this  is  accomplished  by  “pickling”  in  vats  containing 
suitable  acids.  After  the  wire  is  thoroughly  clean  it  is 
washed  and  dipped  into  a lime  water  bath  which  neutralizes 
any  trace  of  acid  and  when  baked  on  the  wire  forms  a 
protective  coat  essential  to  the  proper  lubrication  of  the 
wire  when  being  “drawn”  through  the  “draw  plates.” 


Drawing. 

The  lime  coat  above  referred  to  together  with  a lubri- 
cant is  not  always  a sufficient  coating  and  some  very  abra- 
sive alloys  require  a coating  of  a flour  paste  baked  on  the 
surface  to-  prevent  the  wire  from  “tearing”  out  the  hole 
in  the  “draw  plate.” 

The  rod  or  wire  is  reduced  in  area  by  successively 
drawing  or  pulling  the  same  through  a hole  in  a steel 
plate,  the  construction  of  which  is  as  shown  in  the  accom- 
panying figure.  The  portion  along  A is  a frustrum  of  a 
cone  and  it  is  along  a portion  of  this  surface  that  the  wire 
entering  with  diameter  A"  is  reduced  by  force  F to  diam- 
eter A'.  The  portion  B of  hole  is  the  “sizing  portion” 
and  is  cylindrical  in  shape.  After  the  wire  has  been  sue- 
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cessively  drawn  through  several  holes  it  becomes  very  hard 
and  it  is  necessary  to  anneal  as  described  above,  after 
which  it  is  again  cleaned,  limed,  baked  and  drawn  again. 

The  wire  is  pulled  or  drawn  through  the  holes  by 
means  of  revolving  blocks  which  are  conical  drums  and 
about  which  the  wire  is  coiled.  The  wire  is  drawn  through 
either  tallow,  powdered  soap,  or  other  suitable  material 
before  passing  through  the  steel  “draw  plates”  and  by 
means  of  this  material  the  wire  is  prevented  from  coming 
into  direct  contact  with  the  steel  surface  within  the  hole. 


After  the  wire  has  been  drawn  to  .040”  in  diameter  it  is 
drawn  through  wet  solutions  of  soap  and  tallow  then 
through  diamonds  imbedded  in  steel  casings  through  which 
the  hole  has  been  drilled  having  proper  shape  and  size. 

These  are  the  essential  operations  peculiar  to  the  manu- 
facture of  resistance  wire  and  inasmuch  as  there  is  allowed 
only  a 5%  variation  in  the  resistance  per  foot  of  the 
finished  wire,  it  is  apparent  that  the  greatest  care  should 
be  taken  in  the  various  operations  as  the  resistance  varies 
with  the  mixture,  annealing,  temperature,  time,  and  dis- 
tribution of  work  during  the  drawing  process. 
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CONCRETE  AS  A MATERIAL  FOR  CONSTRUCTING 
CITY  PAVEMENTS  AND  COUNTRY  ROADS 

C.  D.  Franks,  Ti. 

For  years  engineers  and  others  have  been  looking  for  a 
road  building  material  which  would  satisfactorily  meet  the 
requirements  of  prevailing  conditions,  and  close  observation 
of  concrete  roads  and  pavements  points  to  the  success  of 
this  particular  class  of  construction.  The  particular  advan- 
tages of  concrete  are:  comparatively  low  first  cost;  low 
maintenance  charge;  freedom  from  dirt;  comparative  noise- 
lessness ; ease  of  traction  for  vehicles ; small  crown  neces- 
sary to  get  rid  of  surface  water ; simplicity  of  construction ; 
and  ability  to  successfully  resist  the  wear  and  tear  of  traffic. 

In  general,  at  the  present  time  we  find  four  types  of 
concrete  roads  or  pavements  in  use  throughout  the  country 
besides  two  or  three  patented  types  of  construction,  which 
will  not  be  considered  here.  By  far  the  greater  number  of 
concrete  roads  and  pavements  are  of  the  common  type  of 
construction,  known  as  the  two-course  and  the  one-course 
pavement.  The  former  class  consists  of  an  ordinary  con- 
crete base  covered  with  specially  prepared  and  independently 
laid  cement  mortar,  or  concrete  wearing  surface.  The  one- 
course  pavement  is  composed  throughout  its  entire  thickness 
of  a concrete  of  the  same  mixture  or  quality  laid  in  one 
operation,  and  the  choice  between  the  single  course  and  two- 
course  road  should  be  governed  by  the  material  available  for 
the  work.  Hard  stone,  such  as  granite  and  trap  rock,  make 
the  best  wearing  surface  for  concrete  pavements.  As  a rule 
such  stone  is  more  expensive  than  gravel,  but  the  cost  of 
construction  can  be  reduced  by  using  this  more  expensive 
stone  in  the  wearing  surface  only.  Where  but  one  grade  of 
material  is  to  be  had,  for  example,  sand  and  gravel,  single 
course  work  is  to  be  recommended.  Such  a pavement  will 
be  as  durable  as  two-course  work  of  the  same  material,  and 
in  addition  can  be  laid  cheaper.  Another  type  which  follows 
the  two  just  mentioned  is  the  reenforced  type.  While  the 
additional  cost  is  small,  the  efficiency  of  the  street  is  greatly 
increased,  there  being  no  surface  cracks  formed,  due  to  un- 
even settlement  or  heaving. 

Another  type  which  might  well  be  mentioned  before 
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going  into  the  details  of  construction  and  one  which  seems 
to  have  gained  some  foot-hold,  especially  for  residence 
streets  in  smaller  cities,  is  the  single  course  pavement  with 
the  application  of  bitumen  and  sand.  The  pavement  as  orig- 
inally built,  consists  of  two  courses.  The  first,  a 4^2 -inch 
layer,  mixed  1 :2*/2  :5,  and  the  second  a i^-ineh  wearing 
surface,  mixed  1 part  cement  to  2 parts  clean  sand.  Trans- 
verse expansion  joints  were  left  every  25  feet,  and  half  of 
the  street  was  laid  at  a time.  On  top  of  the  concrete  so 
placed,  about  one-half  gallon  per  sq.  yd.  of  hot  tar  was 
applied  and  after  being  spread  over  the  surface  with  a street 
sweeper,  pea-gravel  was  sprinkled  over  the  whole  and  the 
traffic  turned  on  the  pavement.  Regardless  of  the  material 
used  in  this  top  it  will  be  necessary  to  have  a good  concrete 
base,  for  if  no  maintenance  department  is  at  hand  it  is  im- 
possible to  expect  this  top  to  last  longer  than  two  years  under 
average  traffic,  and  the  concrete  must  be  of  such  a char- 
acter that  it  will  withstand  the  traffic  until  such  time  as  the 
top  can  be  renewied.  While  this  wearing  surface  may  not 
last  over  two  years,  still  it  makes  a satisfactory  and  effective 
covering  especially  suitable  for  residence  streets  in  small 
cities. 

In  discussing  the  various  operations  of  construction  the 
same  may  be  applied  in  nearly  every  case  to  either  one- 
course  or  two-course  work.  After  deciding  upon  the  type 
of  concrete  pavement,  the  work  of  construction  begins.  It 
is  usually  the  custom  to>  do  the  work  either  by  contract,  or 
under  the  direct  supervision  of  the  engineer  in  charge.  The 
character  and  experience  of  the  contractor  bidding  on  the 
work  would  determine  which  method  is  the  most  advanta- 
geous. Drainage  is  the  first  point  to  be  considered  in  the  lay- 
ing out  of  the  road  or  pavement  construction.  In  a flat 
country,  it  will  first  be  necessary  in  certain  parts  of  the  road 
to  create  artificial  drainage.  This  may  be  accomplished  by 
varying  the  depth  of  the  side  ditches,  or  by  means  of  a sub- 
base and  a system  of  open  ditches  on  drain  tile  connected 
with  the  sewer  or  other  suitable  outlets.  In  all  cases  the 
elevation  of  high  water  for  any  considerable  length  of  time 
should  be  at  least  1 ft.  below  the  top  of  the  sub-grade  of  the 
road,  in  order  that  the  foundation  may  not  be  affected.  The 
sub-grade  of  the  foundation,  after  it  has  been  approximately 
graded  to  profile  by  means  of  road  graders,  plows,  or 
scrapers,  should  be  thoroughly  compacted  with  a roller 
weighing  approximately  10  to  15  tons.  The  soft  places 
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should  be  excavated  and  refilled  with  some  material  which 
will  give  satisfactory  results.  After  the  sub-grade  has  been 
prepared,  it  is  of  the  utmost  importance  that  it  be  kept  hard 
until  the  concrete  is  in  place.  Teams  hauling  materials  must 
be  kept  off  of  the  finished1  sub-grade,  and  it  will  be  found 
advantageous  to  dump  the  materials  outside  the  line  of  the 
forms  or  curbs.  The  roller  should  go  over  the  sub-grade 
w,ithin  24  hours  of  the  time  of  placing  the  concrete,  in  order 
to  make  certain  that  it  is  satisfactory.  The  crown  of  the 
pavement  which  is  slight  in  comparison  with  other  standard 
types,  may  be  partially  obtained  by  crowning  the  sub-grade, 
giving  it  a rise  at  the  center  of  approximately  1/100  the 
width  of  the  road.  If  the  foundation  requires  a sub-grade 


Fig.  1. 


in  order  to  properly  support  the  pavement  the  layer  of  ma- 
terials used  should  be  not  less  than  6 inches  in  thickness,  and 
not  less  than  6 inches  below  the  finished  surface  of  the  pave- 
ment. Where  a heavy,  wet  soil  is  encountered,  a sub-base 
of  suitable  material,  such  as  cinders,  gravel  or  small  stone, 
should  be  used. 

The  fine  aggregate  in  the  concrete  should  in  every  case 
consist  of  sand,  crushed  stone,  or  gravel  screenings,  graded 
from  fine  to  coarse,  and  passing  when  dry  a -inch  screen. 
Preference  should  always  he  given  to  silicious  materials, 
which  are  clean,  coarse,  free  from  dust,  and  soft,  such  as 
loam  or  other  deleterious  matter.  It  is  always  advisable, 
when  possible,  for  the  engineer  in  charge  to  submit  the  ma- 


36 


Purdue  Engineering  Review 


terial  to  test  in  construction  work  of  this  character.  The 
aggregate  for  use  in  a mortar  wearing  coat  for  the  two- 
course  work  should  be  selected  from  close  grained  rock  or 
stone  screenings.  These  materials  should  always  be  given 
preference  over  the  sand,  as  results  show  in  recent  years 
that  such  materials  will  produce  a surface  which  will  wear 
much  better  than  a mixture  of  sand  and  cement.  The  writer 
finds  a very  satisfactory  mixture  for  the  wearing  surface  to 
be  one  composed  of  40  per  cent  cement,  50  per  cent  granite, 
and  10  per  cent  sand.  Three-fifths  of  the  granite  being 
34 -inch  to  -inch,  and  two-fifths  of  34-inch  screenings. 

The  coarse  aggregate  for  the  concrete  should  be  of  first 
class  quality,  uniformly  graded  from  34 -inch  to  1 3/2 -inch, 
consisting  of  crushed  stone  or  gravel  of  good  durable  qual- 
ity, gravel  giving  in  nearly  every  instance  the  best  wear. 
Considerable  question  has  been  raised  as  to  the  use  of  a nat- 
urally mixed  aggregate  in  building  concrete  pavements ; that 
is,  ithe  material  as  it  comes  from  the  pit  or  river.  In  nearly 
every  case  the  ratio  of  the  percentage  of  sand  to  the  per- 
centage of  gravel  is  variable,  so  that  the  expense  of  screen- 
ing and  reproportioning  is  certainly  justifiable,  because  of 
the  better  results  and  a more  uniform  mixture  of  concrete 
being  obtained.  On  a prepared  sub-grade  a good  form  must 
be  placed  if  the  pavement  is  to  be  laid  without  curb  or 
gutter.  These  'forms  should  be  held  firmly  in  place  by 
means  of  stakes,  both  to  line  and  to  grade.  The  forms  most 
commonly  used  are,  2 by  6-inch  planks,  12  ft.  long.  These 
forms  should  be  clean,  and  wetted  down  with  w'ater  before 
the  concrete  is  put  into  position. 

From  time  to  time  several  important  changes  in  regard 
to  thickness  and  mixtures  used  have  been  made,  which  have 
materially  increased  the  efficiency  of  the  concrete  pavement. 
The  one-course  work  has  been  adopted  as  standard.  The 
thickness  of  the  one-course  pavement  should  never  be  less 
(than  7 inches  at  the  center,  made  of  a 1 :2  13  mixture.  In 
the  two-course  work,  a 6-inch  base  of  a 1 1234  .‘5  mixture, 
finished  with  a 134  to  2-inch  wearing  coat  of  1 :i34  mixture, 
is  generally  acceptable.  I11  every  case  the  wearing  surface 
is  put  on  immediately  after  the  base  is  in  place.  This  allows 
for  a good  'bond  between  the  two  courses. 

Before  placing  the  concrete,  the  sub-grade  should  be 
moistened.  This  is  necessary  to  avoid  the  danger  of  the 
earth  drawing  moisture  from  the  concrete.  This  wetting 
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should  not  be  sufficient  however,  to  make  the  sub-grade 
muddy.  The  concrete  should  always,  if  possible,  be  mixed 
in  a batch  mixer.  It  is  important  to  obtain  uniform  mixing 
throughout  the  mass,  and  with  a continuous  mixer,  the  only 
way  of  an  inspector  knowing  the  amount  of  cement  going 
into'  the  work,  is  to  count  the  sacks  and  measure  the  work 
placed  during  the  day.  This  is  very  unsatisfactory  as  the 
pavement  does  not,  as  a rule,  run  uniform  in  thickness. 
There  are  in  use  today  a large  number  of  batch  mixers, 
especially  designed  for  road  work. 

It  will  be  found  advantageous  to  mix  the  concrete  to 
such  a consistency  that  the  mortar  can  be  flushed  to  the 


Pig-.  2. 


surface  readily,  thus  making  finishing  easy.  In  depositing 
the  concrete,  it  is  necessary  to  make  sure  that  there  is  no 
separation  of  the  particles,  and  men  back  of  the  mixer 
should  be  trained  to  look  after  the  larger  stones  and  rack 
them  to  the  bottom,  thus  giving  the  road  a uniform  surface. 
Differences  of  opinions  are  in  evidence  in  regard  to  the  fin- 
ishing of  the  surface  of  the  concrete  in  order  to  afford  a 
good  foot-hold  for  horses.  In  some  places  corrugations 
have  been  tried.  However,  in  late  years  a large  amount  of 
work  has  been  laid  with  smooth  surfaces.  Immediately 
after  the  concrete  is  in  place  it  is  struck  off  and  slightly 
tamped  by  means  of  a heavy  wooden  template,  cut  to  con- 
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form  to  the  ground  of  the  finished  pavement.  The  template 
is  supported  on  the  side  forms  or  the  gutter,  and  if  the  road 
is  not  too  wjide  can  be  moved  along  by  men  at  each  end. 
Striking  the  surface  od  the  concrete  in  this  way  has  a ten- 
dency to  force  the  larger  particles  of  stone  or  gravel  into  the 
concrete  and  bring  the  mortar  to  the  top.  Men  supplied 
with  ordinary  wooden  floats,  then  float  the  surface,  and  in 
this  condition  it  is  left  for  travel.  In  some  cases,  however, 
the  concrete  surfaces  are  broomed  with  an  ordinary  street 
broom ; this  operation  being  carried  on  while  the  concrete  is 
still  green. 

During  the  summer  months  and  during  the  time  when 
there  is  danger  from  frost,  it  is  advisable  to  protect  the  con- 
crete against  the  elements.  The  morning  following  the  day 
in  which  it  is  placed,  the  concrete  should  be  covered  with 
about  iy2  inches  of  earth,  which  is  kept  moist  for  a period 
of  several  days.  Traffic  should  not  be  allowed  on  the  con- 
crete for  at  least  two  weeks  after  the  surface  is  completed. 

It  is  admitted  by  all,  that  expansion  and  contraction  in 
concrete  pavements,  due  to  temperature  changes  must  be 
provided  for.  At  the  present  time,  it  is  good  practice  to 
place  expansion  joints  every  25  feet  running  perpendicular 
to  the  axis  of  the  street.  These  joints  are  usually  ^4  inches 
wide,  filled  with  either  some  asphaltic  filler,  suitable  for  the 
purpose,  or  asphalt,  felt,  or  tar  paper.  When  the  pavement 
is  bounded  by  a curb  and  gutter  ^4 -inch  joints  are  left  run- 
ning parallel  to  the  axis  of  the  street,  along  each  side  sep- 
arating the  pavement  from  the  curb  and  gutter.  The  width 
of  this  joint  depends  to  a certain  extent  upon  the  width  of 
the  pavement,  but  is  as  a rule,  *4  inches  to  Y inches  wide. 

The  tendency  today  is  to  increase  the  number  and  de- 
crease the  width  of  the  expansion  joints,  and  since  these 
joints  have  a slight  tendency  to  spall  under  traffic,  even 
though  rounded  to  a ^4-inch  radius,  it  is  the  custom  to  use 
protector  plates,  placed  on  each  side  of  the  joint  embedded 
in  the  concrete.  The  most  satisfactory  protector  is  a Y-'mch 
plate  of  soft  steel,  3 inches  wide  and  provided  with  fins 
punched  from  the  center  of  the  plate.  These  fins  embedded 
in  the  concrete  hold  the  plates  securely  in  place  with  the 
upper  edge  at  the  same  level  as  the  finished  surface  of  the 
pavement. 

It  has  been  the  experience  of  the  writer  that  pavements 
wider  than  20  feet  should  have  a slight  amount  of  reinforc- 
ing. This  reinforcing  has  been  very  effective  where  tried, 
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in  preventing  pavements  from  cracking.  Metal  can  be  used 
successfully  in  both  the  one-course  work  and  the  two-course 
wiork.  During  the  past  two  years  reinforced  concrete  pave- 
ments have  been  laid  at  Fond  du  Lac,  Plymouth  and  She- 
boygan, Wis.,  Connersville,  Ind.,  as  well  as  several  other 
places.  The  metal  used  in  reinforcing  these  pavements  was 
the  triangular  mesh  woven  wire  reinforcement,  manufac- 
tured by  the  American  Steel  & Wire  Company,  Style  No.  7. 
This  reinforcing  fabric  can  be  obtained  in  varying  widths 
and  is  cut  in  strips  of  the  required  length.  These  strips  are 
laid  upon  and  slightly  pressed  into  the  concrete  base  as  soon 
as  it  is  laid  and  immediately  after  the  wearing  surface  is 
deposited  and  finished.  In  all  cases  the  heavier  wires  run 


Fig.  3. 

Reinforcing  with  Woven  Wire. 

perpendicular  to  the  axis  of  the  street,  each  layer  overlap- 
ping the  preceding  one  at  least  2 inches.  Another  case  of 
reinforcing  was  used  in  one  instance  at  Detroit,  Midi., 
where  the  pavement  is  reinforced  with  ^4 -inch  bars,  placed 
perpendicular  and  parallel  to  the  street,  2 ft.  centers  and  1^2 
inches  from  the  surface  of  the  concrete.  In  addition  Lt-inch 
bars  were  placed  directly  beneath  the  ^4-inch  bars,  4 feet 
apart  and  5 inches  from  the  surface  of  the  concrete.  This 
system  of  bars  is  well  clamped  together  and  'held  in  place  by 
steel  fasteners. 

The  cost  of  construction  will,  of  course,  depend  upon 
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local  conditions,  the  cost  of  material  and  labor,  and  to  some 
extent  upon  the  details  of  construction.  However,  in  the 
construction  of  concrete  pavements  a comparatively  cheap, 
but  satisfactory  material  and  one  that  costs  much  less  to  lay 
is  substituted  for  the  expensive  brick  or  block  wearing  sur- 
face, which  explains  in  a word  why  such  a pavement  can  be 
constructed  at  a much  lower  cost  than  those  now  in  general 
use.  A properly  constructed  concrete  pavement  meets  the 
demand  today  for  a permanent  pavement  approximating  in 
first  cost  the  ordinary  macadam  road  and  in  durability  the 
better  types  of  street  pavement. 

Today,  Fond  du  Lac  has  about  eight  and  one-half  miles 
of  concrete  pavement  on  its  principal  streets  which  has  been 
laid  by  contract,  according  to  specifications  prepared  by  the 
city  engineer.  In  1908,  the  contract  price  varied  from  $1.24 
to  $1.37  per  square  yard  on  streets  27  to  32  feet  in  width. 
In  1909,  the  price  varied  from  $1.10  to  $1.32  per  square 
yard  on  streets  27  to  50  feet  in  width.  In  1910,  reinforced 
concrete  pavement  was  laid  at  a cost  of  $1.20  to  $1.27  per 
square  yard,  while  the  pavement  laid  that  year  without  rein- 
forcing cost  $1.09  per  square  yard.  During  the  past  year 
the  contract  price  for  reinforced  concrete  pavement  was 
$1.25  per  square  yard.  With  combination  curb  and  gutter 
at  46  cents  per  lineal  foot,  this  makes  a total  assessment  of 
but  $2.31  per  foot  on  streets  30  feet  wide,  a low  cost  for 
first-class  pavement.  During  the  past  two  years  the  average 
price  of  materials  per  cubic  yard,  f.  o.  b.  cars  Fond  du  Lac, 
was  about  as  follows : Sand  and  granite  for  the  wearing 
surface,  $1.20  and  $2.75,  respectively;  crushed  stone,  92 
cents;  gravel,  about  $1.00  per  cubic  yard  on  street;  and  ce- 
ment, $1.25  to  $1.35  per  barrel. 

The  concrete  roads  in  Wayne  County  have  cost  from 
about  $1.10  to  $1.80  per  square  yard,  the  variations  depend- 
ing largely  upon  the  cost  of  grading  and  drainage  and  the 
length  of  haul  for  materials.  During  1911  on  one  road, 
approximately  3 LJ  miles  of  16-foot  pavement  with  a 4-foot 
gravel  shoulder  on  each  side,  was  laid  at  a cost  of  $1.35  Per 
square  yard  for  pavement  proper.  The  cost  of  open  ditches, 
tile  drain  and  three  small  reinforced  concrete  culverts,  pro- 
portioned over  concrete  yardage,  amounted  to  $0.0758  per 
square  yard,  making  the  total  cost  for  16-foot  roadway  ap- 
proximately $1,426  per  square  yard,  or  approximately  $13,- 
400.00  per  mile  for  a 24- foot  roadway.  The  cost  of  gravel 
shoulders  is  proportioned  over  concrete  yardage  and  is  in- 
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eluded  in  the  cost  per  square  yard.  Cement  for  this  par- 
ticular work  costs  about  $1.05  per  barrel,  wash  sand  and 
screened  wash  gravel  about  $0.83  and  $1.00,  respectively, 
per  ton  f.  o.  b.  cars  on  the  nearest  siding.  Common  labor 
costs  223^2  cents  per  hour. 

A concrete  pavement  is  easily  and  economically  cleaned 
and  repaired  and  from  a sanitary  and  aesthetic  point  of 
view,  is  an  ideal  pavement.  Where  properly  laid,  such  a 
pavement  affords  a good  foot-hold  for  horses ; its  resistance 
to  traction  is  probably  less  than  for  any  other  type  of  pave- 
ment, and  while  it  is  not  as  noiseless  as  asphalt  or  wood 
block,  unless  covered  with  bitumen  and  sand,  it  is  superior 
to  brick  and  stone  block  in  this  respect.  Such  pavements 
are  probably  not  adapted  to  the  heaviest  traffic  of  our  large 
cities,  but  may  be  considered  as  suitable  for  paving  residence 
streets,  alleys,  courts  and  squares,  county  roads  and 
highways. 
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ENGINE  INDICATOR  ERRORS. 

R.  G.  Brown,  ’03. 

Engineers  have  always  recognized  the  presence  of  er- 
rors in  indicator  diagrams  produced  by  the  inability  of  the 
drum  spring  to  coil  and  uncoil  with  the  same  tension,  and 
the  attendant  stretching  of  the  cord  between  the  reducing 
motion  and  the  indicator.  It  is  also  well  known  that  the 
errors  increase  with  increased  speed  of  reciprocation.  The 
most  careful  engineers,  therefore,  endeavor  to  prevent  these 
errors  as  far  as  possible  by  using  short  and  straight  leads 
to  the  reducing  motion  and  by  having  each  member  as  rigid 
as  possible. 

It  was  the  effort  to  find  some  way  to  measure  this  er- 
ror present  in  revolving  the  drum  that  lead  to  the  designing 
of  the  mechanism  illustrated  and  the  carrying  out  of  sev- 
eral experiments.  The  mechanism  is  believed  to  be  dif- 
ferent from  others  which  will  be  found  described  in  Me- 
chanical Engineering  Laboratory  Manuals  in  that  it  pro- 
duces a diagram  which  shows  the  actual  error  measured 
in  inches  under  the  conditions  of  operation. 


Fig.  1. 

Experimental  Apparatus. 


The  illustrations  show  that  the  indicator  is  mounted 
on  a heavy  framework  of  wood  by  means  of  a regular  indi- 
cator cock,  screwed  into  a flange.  On  top  of  the  frame  is 
arranged  a small  crank  and  connecting  rod  mechanism  for 
the  purpose  of  reciprocating  a long  steel  rod.  The  drum 
of  the  indicator  must  be  lined  up  to  be  parallel  with  this  rod. 
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One  end  of  this  rod  moves  the  indicator  pencil  and  to  the 
other  end  is  fastened  the  indicator  cord,  which  makes  one 
right  angled  turn  around  the  guide  pulley  of  the  indicator. 
A fine  steel  wire  connects  the  pencil  to  the  rod ; another 
wire  and  spring  keep  it  taut.  This  provides  a good  means 
of  applying  the  pencil  to  the  diagram  paper  at  just  the  right 
moment.  The  indicator  spring  must  be  left  out  and  all 
parts  in  good  condition  and  well  oiled. 

The  principle  involved  in  the  operation  of  this  mechan- 
ism is  as  follows : The  pencil  and  drum  being  driven  at 

the  same  speed,  the  latter  about  its  horizontal  axis  while 
the  former  moves  parallel  to  that  axis,  the  resultant  dia- 
gram should  be  a 45  degree  line. 


Distortion  of  Indicator  Card  at  Moderate  'Speed. 

Solid  Line  Shows  Card  as  Taken,  Broken  Line  Shows  True  Shape. 


But  even  when  the  mechanism  is  revolved  slowly  by 
hand  a diagram  is  drawn  enclosing  an  appreciable  area. 
The  horizontal  distance  on  this  is  a measure  of  the  error 
present  when  the  indicator  is  used  under  the  corresponding 
conditions  and  speed.  When  diagrams  are  taken  at  dif- 
ferent speeds,  the  shape  and  size  change  in  proportion. 
The  error  accumulates  from  inertia  efifect,  the  stretching  of 
the  cord,  small  amounts  of  friction  in  various  parts,  and 
some  deflection  of  each  member. 

Different  indicators  will,  of  course,  give  entirely  dif- 
ferent diagrams,  but  they  will  always  increase  in  size  with 
speed.  The  indicator  used  was  of  good  make  and  in  best 
condition.  When  desired,  the  mechanism  can  be  arranged 
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to  run  the  indicator  under  service  conditions,  thus  obtain- 
ing diagrams  which  will  aid  in  correcting  the  volume  lines 
of  the  indicator  card. 

As  a rule,  this  error  of  drum  action  causes  the  indi- 
cator card  to  be  smaller  in  area  than  it  should  be,  the  per- 
centage effect  being  much  greater  on  light  load  cards  and 
gas  engine  cards.  The  shape  of  the  cards,  especially  at 
the  ends  of  the  stroke,  may  be  much  distorted  without  the 
operator  being  aware  of  it. 


Fig.  3. 

Relation  of  Speed  and  Mean  Error  of  Drawn  Motion. 

It  is  proper  to  conclude  that  too  much  care  cannot  be 
taken  in  the  manner  of  using  and  setting  an  indicator.  A 
correct  and  well  adjusted  reducing  motion  is  presupposed 
and  a direct,  short  and  unstretchable  lead  cord  should  be 
used.  All  turns  should,  if  possible,  be  eliminated  and  the 
indicator  mounted  rigidly.  If  there  is  the  slightest  wob- 
bling or  lashing  of  the  cord  there  will  be  much  error  in 
the  cards  taken. 

Some  diagrams  taken  with  the  mechanism  described 
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are  given  below  and  are  representative  of  a good  many  sets. 
The  error  was  practically  constant  below  200  revolutions 
per  minute  and  we  are  fairly  safe  in  deciding  from  the 


shape  of  the  diagrams  that  no  inertia  was  present.  The 
tension  of  the  drum  spring  was  constant  for  the  diagrams 
illustrated,  and  a standard  make  of  indicator  cord  3^4  feet 
long  was  used.  The  area  of  each  diagram  was  carefully 
measured  with  a planimeter.  This  value  divided  by  the 
height  gave  the  mean  horizontal  error  in  inches. 


R.  P.  M. 

Average  Horizontal 
Error  in  Inches. 

100 

•05 

150 

•055 

200 

.06 

250 

.085 

300 

.09 

350 

•15 

400 

.27 

450 

.68 

The  curve  given  above  is  plotted  from  this  table. 
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MODERN  RAILWAY  MOTOR  CONTROL 
EQUIPMENT 

A.  B.  Coi^  ’09 

Electric  railway  control  is  divided  into  two  general 
forms,  namely,  the  drum  or  “K”  type,  and  multiple  unit 
control ; the  first  being  for  single  car  operation,  while  the 
latter  is  for  either  single  car  or  train  operation.  The  fol- 
lowing remarks  will  be  confined  to'  the  railway  control  ap- 
plicable to  single  car  or  train  operation,  that  is,  Unit  Switch 
Control. 

As  the  railway  motor  rapidly  advanced,  it  became  pos- 
sible to  build  high  powered  motors,  and  these  required 
reliable,  simple,  and  efifective  control  apparatus,  which  could 
handle  the  heavy  currents  incident  to  operation  of  such 
motors.  Above  all,  in  order  to  handle  these  heavy  currents, 
it  was  necessary  to  have  contacts  held  together  under  high 
pressure,  and  effective  circuit  breaking  apparatus  that 
would  extinguish  the  heavy  arcs  that  are  made  when  open- 
ing circuits  under  load.  The  power  necessary  to  effect  the 
making  and  breaking  of  circuits  mentioned  above  could  not 
be  entirely  dependent  upon  the  trolley  current. 

Compressed  air  with  its  unparalleled  record  of  relia- 
bility in  the  air-brake,  switch  and  signal  fields  was  chosen 
as  the  auxiliary  agent  for  power,  and  since  nearly  all  elec- 
tric cars  are  now  supplied  with  air  brakes,  the  utilization  of 
compressed  air  in  connection  with  electric  railway  control 
apparatus  was  the  obvious  result.  The  use  of  compressed 
air  in  closing,  and  of  a heavy  spring  in  opening  contacts 
that  carry  heavy  electric  currents,  secures  many  advantages 
not  possible  by  any  other  means,  such  as  high  pressure  be- 
tween contacts  regardless  of  the  trolley  voltage,  and  a sub- 
stantial reduction  in  the  wearing  away  of  metal  and  welding 
together  of  contacts  due  to  arcs  drawn  by  slow  opening  of 
switches.  Also,  since  the  contact  pressure  is  very  positive, 
the  contacts  have  a high  carrying  capacity  and  may  be  nar- 
row, thus  permitting  effective  magnetic  blow-out  action  to 
take  place  at  the  switches  when  opening,  since  the  air-gap 
between  blow-out  coils  is  a minimum. 

Unit  Switch  Control  equipments  are  used  on  roads 
operating  at  500,  600,  1,200  or  1,500  volts  direct-current, 
and  on  single-phase  alternating  current.  It  presents  a nuni- 
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ber  of  advantages  over  the  platform  type  of  control  even 
when  used  for  single  car  or  locomotive  operation,  such  as — 

1.  Switches  and  contacts  are  assembled  in  one 
compartment,  with  all  heavy  current  carrying  parts  lo- 
cated beneath  the  car.  Circuit  breaker  action  takes 
place  beneath  the  car  and  is  not  visible  to  the  passengers. 

2.  Each  circuit  breaking  switch  or  contact  is  ar- 
ranged in  an  isolated  asbestos  or  vulcabeston  insulated 
section,  and  is  provided  with  a powerful  blow-out  more 
effective  than  that  on  the  average  circuit  breaker.  A 
short-circuit  is  opened  by  two  or  more  switches  in 
series,  the  duty  of  handling  heavy  currents  not  being 
imposed  on  any  one  switch. 

3.  A very  low  current  is  used  in  the  master  con- 
troller so  that  all  former  platform  controller  burn-outs 
are  eliminated. 

4.  The  controller  occupies  but  very  small  space 
on  the  car  platform. 

5.  There  is  approximately  100  pounds  or  more 
pressure  between  each  pair  of  the  heavy  current  carry- 
ing contacts.  Heavy  cylinder  springs  insure  the  positive 
opening  of  switches. 

6.  Less  wire  is  required  for  motor  circuits.  All, 
motor  current  wires  are  located  beneath  the  car  and  are 
thoroughly  protected  against  the  danger  of  fire. 

7.  The  apparatus  is  designed  on  the  unit  principle 
so  that  all  parts  may  be  readily  inspected  and  easily 
replaced.  The  arrangement  of  the  moving  parts  is  such 
that  a wiping  action  of  the  contact  tips  is  obtained,  so 
efficient  in  its  operation  that  long  life  of  the  contact 
tips  may  be  obtained  with  no  attention  in  the  way  of 
filing  and  trimming.  The  equipment  is  so  arranged  that 
the  car -barn  men  can  easily  maintain  it.  It  has  the 
working  parts  accessible  and  as  few  as  possible,  and 
wearing  of  the  working  parts  does  not  affect  the  effi- 
ciency or  reliability  of  operation. 

During  the  first  few  years  of  operation  a prejudice 
existed  against  the  pneumatic  control  on  account  of  the 
belief  that  the  pneumatic  parts  would  collect  moisture  and 
freeze  during  the  winter.  It  has  been  demonstrated  during 
several  severe  winter  seasons  in  northern  cities  that  the 
question  of  freezing  is  negligible  if  the  cars  have  the  reser- 
voir and  piping  properly  arranged.  The  objection  has  also 


48 


Purdue  Engineering  Review 


been  raised  that  inasmuch  as  the  control  depends  on  the  air 
supply,  all  cars  would  be  disabled  if  the  air  compressor 
failed.  This,  of  course,  is  true,  but  is  regarded  by  many 
railway  managers  as  an  advantage,  or  at  least  as  not  in  any 
way  objectionable  on  account  of  the  fact  that  when  the 
compressor  fails  the  air  brakes  are  disabled,  and  it  is  unsafe 
to  operate  a car  with  the  power  brakes  disabled.  In  cases 
of  this  kind,  cars  equipped  with  unit  switch  control  may  be 
coupled  with  the  following  car  when  it  arrives  and  the  two 
be  operated  as  a multiple-unit  train,  that  is,  the  motorman 
on  the  head  car  controls  and  operates  both  cars.  When 
desired,  an  emergency  or  spare  reservoir  may 
be  used,  sufficient  to  take  the  car  to  the  terminal 
or  at  least  to  a telephone  siding  or  junction,  in 
case  the  compressor  fails.  However,  the  great 
reliability  and  economy  of  this  control  on  ovei 
a hundred  roads  demonstrates  that  this  feature 
is  negligible. 

Train  Operation 

In  addition  to  the  advantages  of  the  unit 
switch  control  for  single  car  operation,  one  of 
the  most  important  points  in  its  favor  is  the 
ability  to  control  two  or  more  cars  simultan- 
eously. Multiple-unit  operation,  which  is  made 
possible  by  unit  switch  control,  has  a number 
of  characteristics  that  greatly  increase  the  op- 
erating efficiency  of  a system.  Where  multiple- 
unit  trains  are  employed  it  is  usually  not  neces- 
sary to  have  either  cars  of  equipment  as  large 
as  if  they  were  operated  singly  at  all  times. 
In  the  effort  to  avoid  train  operation  the  size  and 
equipment  of  i nterurban  rolling  stock  has  been  in- 
creased to  huge  proportions.  These  big  cars  run 
most  of  the  day  with  a small  number  of  passengers  for  the 
sake  of  being  able  to  handle  the  fifty  or  sixty  who  must  be 
provided  for  on  a few  special  trips.  To  make  proper  use  of 
multiple-unit  trains,  a size  of  car  more  nearly  suited  to  the 
average  load  may  be  employed  and  the  capacity  increased 
by  coupling  up  when  necessary.  With  equipments  properly 
proportioned  on  this  basis,  there  are  probably  few  roads 
where  two-car  trains  could  not  be  run.  Some  roads  may 
hesitate  to  employ  multiple-unit  trains  on  account  of  a sup- 
posed inadequacy  of  sub-station  and  feeder  capacity,  but  the 


Fig.  1. 

Master 

Controller. 
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power  requirements  can  be  kept  within  very  reasonable 
limits  by  proper  training  of  the  motormen.  The  cars  on  a 
certain  line  were  equipped  with  two  1 50  horse-power 
motors,  or  a total  of  300  horse-power  each,  and  geared  for 
a maximum  speed  of  about  50  miles  per  hour.  Great  care 
had  been  taken  in  training  the  motorman  on  this  line,  and  as 
a result  the  maximum  current  per  car  rarely  exceeded  350 
amperes.  Where  the  motormen  have  not  been  instructed, 
currents  of  over  600  amperes  have  been  noted  on  cars  with 
the  same  equipment.  It  is  quite  evident  from  these  figures 
that  two-car  trains  in  the  hands  of  the  first  set  of  men 
could  have  been  operated  with  peaks  little  or  no  higher  than 
those  caused  by  single  cars  in  the  hands  of  the  second  set. 


provided  for,  and  smaller  motors,  geared  for  lower  speeds, 
can  be  used  for  a given  car  schedule.  Thus,  for  handling 
varying  crowds,  and  still  maintaining  a close  schedule,  the 
employment  of  trailers,  even  under  favorable  circumstances, 
becomes  a temporary  expedient  when  compared  to  multiple- 
unit  operation. 

The  advantages  of  train  operation  are  not  by  any  means 
confined  to  saving  in  power  and  flexibility  of  equipment. 
The  operation  of  two  single  car  units  requires  four  men  to 
two  cars,  while  the  operation  of  a two-car  train  requires 
only  three  men  for  two  cars,  thus  effecting  a saving  of  25 
per  cent  in  labor.  Where  the  traffic  is  necessarily  congested, 
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Pig.  2. 

Unit  Switch 


Further,  multiple-unit  cars 
are  able  to  move  independently, 
and  the  making  up  of  a train 
can  be  done  with  a minimum 
of  shifting  as  compared  with 
the  use  of  trailers.  At  stub 
end  terminals  either  car  may 
be  used  for  the  leading  car.  If 
the  motors  were  originally  ap- 
plied correctly  there  will  be  no 
danger  of  overloading  them 
since  the  weight  carried  per 
motor  is  uniform.  Thus  it  is 
possible  with  this  uniform 
motor  loading  to  apply  the 
motors  more  efficiently  as  to 
size  and  gear  ratio  than  if 
trailer  operation  had  to  be 
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as  in  the  center  of  a city  during  the  rush  hour  periods,  sin- 
gle car  operation  does  not  permit  of  the  maximum  use  of 
the  tracks. 


Types  oe  Unit  Switch  Control 

Four  types  of  unit  switch  control  are  in  common  use, 
the  classification  depending  upon  the  method  of  applying 
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the  power  to  the  unit  switches.  These  are : 

i.  Hand-operated  line  voltage  control,  known  as 
HE.  The  master  controller  has  as  many  points  as 
there  are  control  positions  and  a separate  reversing 
handle. 
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2.  Automatically  operated  line  voltage  control, 
known  as  AL.  The  master  controller  has  three  points 
forward  and  three  reverse,  corresponding  to  switching, 
series  running  and  parallel  running. 

3.  Automatically  operated  battery  voltage  control, 
known  as  AB. 

4.  Hand  operated  battery  voltage  control,  known 
as  HB. 

These  types  of  control  are  all  suitable  for  multiple-unit 
operation  and  each  possesses  all  the  advantages  enumerated 
for  the  Unit  Switch  Control. 


Pig.  4. 

Switchgroup  for  H.  L.  Unit  Switch  Control. 

Type  HL  control  has  been  especially  designed  for 
service  where  apparatus  of  a simple  character  is  required. 
On  this  account,  various  features,  such  as  automatic  accel- 
eration, bridging  transition,  etc.,  have  been  omitted.  These 
features  are  not  essential  to  the  success-  of  service  for  which 
the  equipments  are  intended,  particularly  where  simplicity 
of  parts  is  desired.  This  is  the  type  of  control  which  is  in 
most  common  use  for  city  and  light  interurban  service, 
where  light  weight  and  cheapness  are  prime  considerations ; 
where  the  trolley  voltage  is  fairly  uniform ; and  where  auto- 
matic acceleration  is  not  necessary.  This  type  of  control  is 
so  arranged  that  trains  may  be  made  up  of  two  or  more 
cars,  but  generally  not  exceeding  five  motor  cars,  and  the 
train  may  be  operated  from  either  end  of  any  motor  car. 
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The  main  circuit  connections  are  made  by  means  of  a num- 
ber of  independent,  pneumatically  operated  switches,  known 
as  unit  switches,  each  provided  with  a strong  magnetic  blow- 
out, and  normally  held  open  by  a powerful  spring.  In  small 
equipments,  all  of  the  unit  switches  are  mounted  on  an  iron 
frame  known  as  the  switch  group,  and  two  of  the  switches 
in  the  group  act  as  circuit  breakers.  Large  equipments  are 
provided  with  a two-unit  line  switch  which  performs  the 
functions  of  an  automatic  circuit  breaker  and  is  mounted 
on  a separate  frame  from  the  switch  group.  The  overload 
trip  that  controls  the  opening  of  all  switches  in  case  of 
overload  or  short-circuit,  is  mounted  on  the  end  of  the 
switch  group,  or  line  switch  when  separate  from  the  switch 
group.  This  trip  is  actuated  by  the  magnetic  pull  produced 
by  one  of  the  blow-out  coils  in  the  main  circuit.  When  a 
predetermined  current  value  is  exceeded,  a plunger  carrying 
two  contact  discs  breaks  the  control  circuit  which  causes 
certain  switches  to  open  in  the  line  switch  and  switch  group. 
This  plunger,  when  drawn  in,  is  held  by  a latch  and  cannot 
be  released  until  the  control  switch  in  the  cab  is  reset.  This 
can  only  be  done  when  the  controller  is  on  the  “off”  posi- 
tion. This  trip  can  also  be  reset  by  pulling  a wire  hanging 
through  the  overload  trip  cover,  attached  to  the  relay  arma- 
ture, which  releases  the  plunger  from  the  hold  of  the  latch 
and  again  establishes  the  control  circuit  through  the  trip. 
Then  to  energize  the  control  circuit  the  control  switch  need 
only  be  placed  in  the  “on”  position  and  the  master  controller 
notched  up  to  start  the  train. 


Fig,  5. 

Standard  Levers  for  H.  L.  Control. 
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A pneumatically  operated  reverser  controls  the  direction 
of  operation  of  the  car.  This  reverser  consists  of  two  pis- 
tons similar  to  those  attached  to  the  unit  switches,  which 
serve  to  move  the  reverser  drum  to  the  forward  or  reverse 
position. 

Junction  boxes  are  used  for  making  connections  be- 
tween the  train  line  and  branch  control  circuit  to  the  various 
pieces  of  apparatus  on  each  car.  Connecting  into  these 
junction  boxes  is  a multi-conductor  train  line  which  extends 
the  length  of  each  car  and  ends  in  a multi-point  receptacle 
at  each  end.  The  train  line  is  made  continuous  throughout 
a number  of  cars  by  connecting  adjoining  train  line  recep- 
tacles with  a multiple-conductor  train  line  jumper.  The 
train  line  is  rendered  safer  and  the  whole  equipment  more 
reliable  by  the  arrangement  of  the  control  resistance.  This 
resistance  is  not  connected  in  series  with  the  magnet  coils, 
but  is  connected  in  shunt  across  the  line  when  the  master 
controller  is  “on,”  and  the  magnet  coils  are  operated  from 
low  voltage  taps.  Thus,  normally,  only  one  of  the  train 
line  wires  carries  full  trolley  voltage,  while  the  remainder 
are  subjected  to  voltages  of  one-third  or  less,  instead  of  all 
the  auxiliary  circuits  being  operated  at  full  line  voltage. 
The  master  controller  consists  of  a small  drum  controller 
with  the  main  and  reverse  handles  interlocked  which  safe- 
guards against  any  false  operation. 

The  extensive  adoption  of  this  type  of  control  has  been 
due  to  its  simplicity,  accessibility,  ruggedness,  and  powerful 
action,  embodying  the  fewest  and  simplest  parts  possible. 
Except  on  large  equipments,  the  switch  group  and  the  re- 
verser cover  the  entire  main  circuit  parts.  The  arrange- 
ment of  these  as  separate  items  instead  of  in  the  same  frame 
enables  both  to  be  made  much  more  accessible  for  inspec- 
tion or  repairs  and  permits  a better  balance  to  be  obtained 
when  the  apparatus  is  mounted  on  small  cars. 

The  AL  type  of  control  has  three  important  advan- 
tages due  to  its  automatic  acceleration  feature,  namely : 

1.  Safety  to  motor  equipment. 

2.  A predetermined  rate  of  acceleration. 

3.  Comfort  to  passengers  (with  high  powered 

motors). 

This  type  of  control  is  especially  adapted  for  operation 
on  elevated  roads,  in  subways,  and  trunk-line  interurban 
service,  particularly  with  trains  made  up  of  a number  of 
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cars  equipped  with  high  power  motors,  where  no  severe 
grades  are  encountered. 

The  essential  difference  in  this  equipment  over  the  hand 
operated  control  is  that  the  acceleration  of  the  train  is  se- 
cured automatically.  The  master  controller  has  only  three 
positions,  which  are  “switching,”  “series  running,”  and 
“parallel  running.”  The  “off”  position  is  in  the  center.  The 


unit  switches  are  provided  with  interlocks  which  are  elec- 
trically connected  with  the  valve  magnets  which  actuate  the 
unit  switches  in  such  a manner  that  the  closing  of  one 
switch  energizes  the  magnet  of  the  next,  thus  producing 
automatic  progression  of  the  switches  under  the  direction 
of  the  limit  switch.  The  limit  switch  controls  the  rate  at 
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which  the  resistance  is  cut  out  of  circuit,  so  as  to'  give  uni- 
form accelerating  current.  This  produces  smooth  and  eco- 
nomical acceleration  and  prevents  the  abuse  of  equipment 
by  accelerating  in  excess  of  the  predetermined  rate.  The 
limit  switch  consists  of  a solenoid  operated  by  the  current 
of  one  motor  or  pair  of  motors.  When  this  current  exceeds 
a predetermined  limit  for  which  the  switch  is  adjusted,  the 
circuit  is  opened  through  a pair  of  contacts  in  the  operating 
circuit.  The  circuit  remains  open,  so  that  no  further  unit 
switches  can  close  until  the  accelerating  current  falls  below 
the  predetermined  limit  when  the  control  circuit  is  again 
closed,  thus  allowing  the  unit  switches  to  continue  their 
progression.  Should  the  overload  trip  open  the  control 
circuit,  it  is  reset  by  the  plug  switch  in  the  master  controller, 
the  plug  being  attached  to  the  controller  'by  a chain. 

Field  Control 

Field  control  is  a system  of  regulating  the  speed  of  a 
direct-current  series  motor  by  varying  the  effective  field 
turns.  This  is  accomplished  by  using  motors  having  a 
greater  number  of  turns  in  the  field  winding  than  are  or- 
dinarily employed,  and  by  arranging  the  control  SO'  that  on 
certain  notches  a portion  of  the  field  winding  is  cut  out  of 
the  circuit.  With  motors  thus  equipped,  cars  or  locomotives 
can  start  heavy  loads  with  small  current  consumption,  and 
also  can  run  efficiently  at  high  speed  when  desired.  A two- 
motor  equipment  has  four  efficient  speed  notches  on  the 
controller,  which  enables  the  same  equipment  to  be  operated 
with  a minimum  loss  in  either  local  or  high  speed  service. 
Trains  may  be  started  with  much  lower  accelerating  cur- 
rents and  will  run  on  resistance  a smaller  portion  of  the 
time.  Thus  a double  saving  ensues.  When  the  entire  field 
winding  is  used,  the  motor  can  produce  large  tractive  efforts 
at  low  speeds  with  moderate  current  input.  This  enables  it 
to  start  and  accelerate  a car  very  smoothly.  When  a portion 
of  the  field  winding  is  cut  out,  the  characteristics  of  the 
motor  are  modified  just  as  if  the  gear  ratio  had  been  instan- 
taneously changed.  When  connected  in  this  way,  the  motor 
attains  higher  speeds  than  with  the  full  field  winding  in  use, 
and  while  this  ‘‘normal  field”  is  not  so  well  adapted  for 
starting  the  car,  it  is  much  better  adapted  for  producing  a 
high  maximum  car  speed.  I11  this  way  a given  equipment 
can  be  made  to  operate  more  nearly  under  ideal  conditions 
both  in  starting  and  in  free  running  than  if  it  must  be  ar- 
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ranged  on  some  compromise  basis.  This  arrangement  is 
particularly  advantageous  for  city  and  suburban  service 
where  a large  number  of  service  stops  are  made.  Under 
such  conditions  there  is,  with  field  control,  a saving  of  8 to 
15  per  cent  in  power  consumption.  Field  control  is  also'  ad- 
vantageous for  interurban  equipments  which  are  sometimes 
operated  in  local  and  sometimes  in  limited  service.  Its  use 
in  such  cases  enables  a single  motor  equipment  to  be  readily 
arranged  so  as  to  give  good  results  in  both  classes  of  service. 

Field  control  virtually  produces  a high  speed  equip- 
ment which  has  an  extremely  small  rheostatic  loss  in  start- 
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Fig.  7. 

Locomotive  Equipped  with  Field  Control  Single  Phase  Motors  and 
Unit  Switch  Field  Control. 

ing.  The  saving  in  energy  will  depend  largely  on  the 
amount  that  is  ordinarily  lost  in  resistance.  Inasmuch  as 
higher  speeds  are  possible,  the  time  of  coasting  is  usually 
longer  with  field  control,  and  another  saving  is' thereby  ef- 
fected through  the  reduction  of  braking  losses.  There  is 
also  a slight  economy  in  weight,  as  a decrease  in  resistance 
loss  insures  that  there  will  be  less  resistance  to  carry.  In 
some  cases,  with  field  control,  the  motor  is  also  lighter. 

The  first  important  installation  of  field  control  on  loco- 
motives was  that  on  the  passenger  locomotives  placed  in 
service  by  the  New  York,  New  Haven  & Hartford  Railroad 
five  years  ago.  When  operating  in  the  direct-current  zone, 
the  speed  is  regulated  by  field  control.  The  method  proved 
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so  satisfactory  that,  when  the  time  came,  the  same  plan  was 
adopted  for  the  locomotives  for  the  Pennsylvania  Railroad 
Company’s  New  York  City  extension,  and  its  success  has 
been  equally  great  with  these  engines.  Through  the  use  of 
field  control,  the  Pennsylvania  locomotives  have  the  advan- 
tage of  both  high-speed  and  low-speed  machines.  The  full 
field  gives  an  enormous  tractive  effort  at  slow  speeds  with 
relatively  small  current  and  the  normal  field  permits  the 
locomotive  to  haul  comparatively  heavy  loads  at  high  speeds. 
Numerous  installations  with  this  type  of  control  have  since 
been  made  on  both  city  and  interurban  lines,  and  its  fitness 
on  commutating-pole  motors  has  been  demonstrated. 
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SAFEGUARDING  A MOUNTAIN  RESERVOIR. 

G.  E.  Martin,  ’09. 

, The  City  of  Colorado  Springs  depends  for  its  water 
supply  upon  the  streams  on  the  eastern  and  northern  slopes 
of  Pike’s  Peak.  These  streams,  in  turn,  are  fed  and  their 
flow  regulated  by  the  melting  snow  on  the  mountain  peaks. 
For  storage,  in  addition  to  that  furnished  by  the  snow, 
the  city  owns  a series  of  six  reservoirs,  ranging  in  elevation 
from  10,215  to  12,080  feet  above  sea  level.  The  altitude 
of  Colorado  Springs  is  6,000  feet. 

Reservoir  No.  4,  of  the  Colorado  Springs  Water  Sys- 
tem, is  the  largest  in  area  of  the  six  reservoirs,  pike  the 
remainder,  it  is  a natural  lake  basin,  which  has  had  its 
water  level  raised  by  means  of  a dam  across  the  outlet. 
The  area  inside  the  high  water  line  of  the  reservoir  is 
120.93  acres,  and  its  capacity  is  864,544,800  gallons.  It 
was  begun  in  1903  and  completed  in  1904,  at  a cost  of 
$160,000.  The  basin  is  about  4,800  feet  long  and  900  feet 
wide,  with  the  long  axis  bearing  northwest.  The  elevation 
of  the  reservoir  is  10,930  feet  above  sea  level. 

The  dam  at  Reservoir  No.  4,  exclusive  of  the  waste 
weir,  is  1331  feet  in  length,  and  is  built  in  a straight  line 
perpendicular  to  the  direction  of  Boehmer  Creek,  the  out- 
let of  the  reservoir,  at  that  point.  The  highest  portion  of 
the  dam  is  fifty  feet  high,  and  it  is  185  feet  wide  at  the  point 
where  it  crosses  Boehmer  Creek.  The  soil  at  this  point  is 
disintegrated  granite,  and  since  it  is  impossible  to  build  a 
water  tight  dam  of  this  material,  a concrete  core,  puddle 
trench  and  puddle  wall  was  placed  in  the  dam.  The  crest 
of  the  dam  is  eighteen  feet  wide.  The  puddle  trench  was 
placed  directly  beneath  the  crest  of  The  dam  and  is  five 
feet  wide  on  the  bottom  and  eight  feet  wide  at  the  original 
ground  surface.  The  trench  was  filled  with  the  best  se- 
lected sand  and  clay  which  could  be  obtained  at  the  dam 
site.  The  concrete  core  was  placed  about  six  feet  from 
the  intersection  of  the  inner  edge  of  the  dam  with  the 
stream  bed.  The  core  is  14  feet  2 inches  high,  3 feet  thick 
at  the  bottom  and  1 foot  6 inches  thick  at  the  top.  It  ex- 
tends nine  feet  below  the  bottom  of  the  dam  and  surrounds 
the  outlet  pipe.  The  inner  slope  of  the  dam  is  2.V2  feet 
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horizontal  to  one  foot  vertical  and  is  covered  with  a puddle 
face  and  rip-rapped  with  granite  stone  one  foot  thick.  The 
outer  face  has  a slope  of  il/>  to  1.  The  crest  of  the  dam 
is  seven  feet  above  the  top  of  the  waste  weir.  Such,  in 
brief,  is  the  original  design  of  the  dam.  It  was  constructed 
essentially  along  these  lines,  except  that  a puddle  core  was 
added  in  the  center  of  the  dam  above  the  puddle  trench. 
Figure  1 is  a view  looking  up  stream  toward  the  dam. 

Seepage  through  and  around  the  dam  was  so  great 
that  the  reservoir  was  useless  for  storage  for  a number 
of  years.  However,  percolation  so  filled  the  dam,  in  time, 
that  part  of  the  reservoir  could  be  used  for  storage  pur- 
poses, though  it  had  never  been  entirely  filled. 


Fig.  1. 

Dam  No.  4 from  Below  the  Reservoir. 


In  the  spring  of  1912,  Mr.  B.  B.  McReynolds,  the 
Water  Superintendent,  began  to  fill  the  reservoirs  to  their 
maximum  capacity,  and  thus  obtain  for  the  city  the 
storage  for  which  it  had  paid.  In  attempting  to  increase 
the  storage  of  Reservoir  No.  4,  Mr.  McReynolds  was  con- 
fronted, on  the  morning  of  June  22nd,  1912,  with  a series 
of  leaks  which  had  developed  on  the  down  stream  slope 
of  the  dam,  at  a distance  of  26  feet  below  the  crest,  and 
extending  across  the  major  portion  of  the  dam.  The  loca- 
tion of  these  leaks  can  be  seen  from  Fig.  1.  At  this  time 
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the  level  of  the  water  in  the  reservoir  was  still  four  feet 
below  the  high  water  line,  or  the  level  of  the  spillway.  This 
condition  is  shown  in  Fig.  2,  which  is  a view  looking 
across  the  reservoir  toward  the  inner  face  of  the  dam.  The 
spillway  is  to  the  right.  Figure  4 is  a near  view  of  the 
largest  one  of  the  leaks.  Had  these  leaks  not  been  dis- 
covered in  time,  the  whole  dam  would  undoubtedly  have 
been  destroyed.  In  addition  to  the  financial  loss  of  the 
dam  itself,  the  efficiency  of  the  entire  water  system  would 
have  been  impaired.  Also  a disastrous  flood,  with  great 
loss  of  life  and  property,  might  have  been  incurred  in  the 
valley  below  the  dam.  The  city  was  threatened  with  legal 
proceedings  by  the  property  owners  below  the  dam,  and 
so  the  water  was  drawn  down  to  a safe  height,  and  the 
reservoir  left  in  that  condition  for  the  summer. 
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Fig.  2. 

View  of  Dam  from  AT>ove  Reservoir. 

The  next  proposition  was  to  discover  what  was  the 
cause  of  the  threatened  destruction  of  the  dam,  and  how 
it  could  be  remedied.  In  conjunction  with  City  Engineer 
F.  F.  Mallon,  a report  wias  made  on  these  two  subjects. 
An  examination  of  the  dam  revealed  that  the  puddle  core 
extended  only  up  to  a point  eleven  feet  below  the  top  of 
the  dam,  or  four  feet  below  the  top  of  the  spillway.  The 
puddle  face  also  stopped  at  the  same  height.  With  these 
facts  in  mind  it  is  easy  to  see  what  happened  when  the 
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reservoir  was  filled.  The  water  passed  over  the  top  of  the 
puddle  face  and  saturated  the  portion  of  the  dam  between 
the  face  and  the  puddle  core.  It  then  passed  over  the  top 
of  the  puddle  core,  through  the  remaining  portion  of  the 
dam  and  out  to  the  surface  at  a point  26'  below  the  crest 
of  the  dam.  The  water  immediately  began  to  wash  away 
the  loose  material  composing  the  dam. 

The  necessity  for  the  reconstruction  of  the  dam,  or  its 
alternative,  the  lowering  of  the  spillway,  becomes  quite 
apparent  from  several  view  points.  So  long  as  the  reser- 
voir cannot  be  filled  the  city  is  not  receiving  a proper 
amount  of  storage  for  the  money  invested.  Also  a future 
water  superintendent,  ignorant  of  the  instability  of  the 
upper  eleven  feet  of  the  dam,  and  the  experience  through 
which  Mr.  McReynolds  has  just  passed,  might  attempt  to 
raise  the  water  in  the  reservoir  to  the  spillway  and  thus 
cause  the  destruction  of  the  dam.  Again,  there  is  a smaller 
reservoir,  No.  2,  about  a mile  and  a half  up  Boehmer 
Creek  from  No.  4.  Should  the  dam  of  No.  2 fail  for  any 
reason,  with  No.  4 capable  of  storing  but  32  feet  of  water, 
the  latter  dam  would  be  a total  loss  before  the  water  in 
the  reservoir  could  be  raised  to  the  level  of  the  spillway, 
This  in  spite  of  two'  outlets  from  the  reservoir. 

Since  the  reconstruction  of  Dam  No.  4 seems  to  be 
an  absolute  necessity,  it  might  be  well  to  consider  the 
defects  in  the  original  design  and  ultimate  construction, 
in  connection  with  the  proposed  methods  of  remedy.  If 
the  defects  are  rectified  during  the  course  of  rebuilding, 
the  dam  will  undoubtedly  render  efficient  service. 

The  ideal  earth  dam  is  an  immovable  mass  overlaid 
with  an  impermeable  face,  and  free  from  saturation. 
Though  the  ideal  earth  dam  is  an  impossibility,  the  closer 
we  approach  this  idealism,  the  more  efficient  the  construc- 
tion becomes.  So  it  is  true  of  Dam  No..  4.  If  the  original 
design  be  sufficiently  altered,  the  puddle  core  and  puddle 
face  brought  up  to  a proper  height  above  the  spillway,  and 
adequate  drainage  provided  at  the  rear  base,  the  more 
exempt  from  saturation  the  dam  becomes,  and  hence  the 
more  stable. 

From  the  measurements  of  the  seepage  found  at  the 
toe  of  the  dam,  the  concrete  core  has  evidently  not  ful- 
filled its  purpose.  Doubtless  it  does  not  extend  far  enough 
into  the  hills  at  each  end  of  the  dam  to  cut  off  the  water. 
However  to  remedy  this  would  require  the  complete  tear- 
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ing  down  and  reconstruction  of  the  dam.  The  up-stream 
slope  is  2^4  feet  horizontal  to  one  foot  vertical,  while  the 
dow(n  stream  side  shows  a batter  of  only  ij/2  to  1.  Had 
these  slopes  been  reversed  and  the  other  defects  remedied 
the  seepage  would  have  been  materially  decreased  and  the 
line  of  saturation  much  lowered. 

To  point  out  the  fundamental  defects  of  an  earth  filled 
dam  is  only  one  phase  of  the  problem,  while  the  economical 
rectification  of  these  defects  is  still  another.  Undoubtedly 
the  following  plan  is  not  the  only  one  that  could  be  sug- 
gested, but  it  seems  to  have  more  merit  than  any  of  the 
alternatives  considered.  Several  engineers  have  examined 
Dam  No.  4,  at  different  times,  and  their  solutions  of  the 
problems  have  varied  widely;  the  majority  of  them  in- 
volving as  large  an  outlay  as  for  the  original  construction 
of  the  dam.  Control  of  the  saturation  is  of  prime  im- 
portance in  either  the  building  or  the  reconstruction  of  an 
earth  dam.  Lines  of  saturation  are  inevitable  in  earth 
dams,  due  to  the  percolation  of  the  water  from  the  reser- 
voir, and  to  sub-saturation  from  the  foundation.  An  earth 
dam  without  a core  wall  has  only  a small  portion  of  its 
cross  sectional  area  of  dry  material,  and  even  this  rests 
upon  an  unstable  saturated  mass.  It  is  therefore  quite  ap- 
parent that  a dam  resisting  a high  hydro-static  pressure  is 
likely  to1  slip  when  the  up  stream  prism  and  the  founda- 
tion is  thoroughly  saturated ; therefore,  since  the  core  of 
No.  4 is  improperly  constructed,  it  is  to  be  concluded  that 
the  existing  conditions  are  about  as  herein  described.  The 
steepness  o>f  the  rear  slope  of  Dam  No.  4 leaves  a decidedly 
small  quantity  of  material  unsaturated.  This  proves  that 
the  rear  slope  is  entirely  too  abrupt  to  permit  the  presence 
of  a sufficient  quantity  of  dry  material  to  render  effective 
weight  to  oppose  the  pressure  of  the  water.  For  as  soon 
as  the  material  in  the  dam  becomes  saturated  it  loses  its 
effective  weight  in  proportion  to  its  buoyancy.  Thus,  if 
the  material  were  open  gravel,  as  in  this  case,  weighing 
when  dry  about  120  pounds  per  cubic  foot,  it  would  weigh 
but  84  pounds  per  cubic  foot  when  saturated.  This  is 
allowing  40%  for  voids. 

The  reconstruction  of  Dam  No.  4 should,  therefore, 
comprise  the  bringing  up  of  the  puddle  core  wall  and  puddle 
face,  wiith  suitable  material,  to'  within  five  feet  of  the  crest 
of  the  dam,  at  least,  in  order  to  insure  against  future  leaks 
and  to  increase  the  general  impermeability  of  the  struc- 
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ture.  The  line  of  saturation  would  thus  be  lowered.  Also 
the  down  stream  slope  should  be  reduced  to  2^>  to  1 or 
still  better  3 to  1.  In  order  to  still  further  reduce  the  line 
of  saturation,  provision  should  be  made  to  install  in  the 


Fig.  4. 

Leak  in  Dam  No.  4. 


rear  of  the  embankment  a longitudinal  drainage  ditch  filled 
with  boulders  and  broken  stone.  Leading  from  this  trench, 
at  right  angles,  several  smaller  trenches  should  be  con- 
structed, in  the  same  manner,  in  the  foundation  on  which 
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the  new  slope  will  rest.  These  should  terminate  in  the  toe 
of  the  new  embankment. 

With  these  changes  the  stability  of  the  clam  will  be 
greatly  increased  and  further  danger  of  its  failure,  under 
normal  conditions,  will  be  entirely  eliminated.  The  pro- 
posed method  will  not  prevent  seepage  however.  Seepage 
is  apparent  at  the  toe  of  all  earth  dams,  to  a greater  or  less 
extent,  either  through  the  embankment,  through  the  foun- 
dation, or  through  the  side  hills.  There  is  no  doubt  but 
that  the  seepage  through  the  artificial  portion  of  the  dam 
would  be  materially  reduced.  When  this  is  done  the 
present  problem  is  solved.  The  scheme  of  reconstruction  as 
outlined  in  the  preceding  pages  provides  for  the  work  being 
done  without  lowering  the  water  in  the  reservoir.  The 
cost  of  the  improvement  should  not  be  over  $15,000,  item- 


ized as  follows : 

15.000  cu.  yds.  of  grading  at  65  cents $ 9,750.00 

2.000  linear  feet  of  rock  filled  trenches  at  $2.00.  . 4,000.00 

1.000  sq.  yds.  of  rip  rap  at  $1.00 1,000.00 

Relocating  valve  house 250.00 


Total  $15,000.00 
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THE  MECHANICAL  HANDLING  OF  MATERIAL 

I.  IT.  Barbee,  ’08 

The  application  of  machinery  to  the  handling  and  con- 
veying of  heavy  and  bulky  material  has  of  late  years  as- 
sumed a paramount  interest.  No  branch  of  engineering 
has  so  rapidly  developed  in  modern  times  as  the  construc- 
tion of  appliances  for  loading  and  unloading  heavy  and 
bulky  substances,  such  as  coal  and  crushed  rock.  The  in- 
creased competition  encountered  by  the  manufacturer  has 
forced  upon  him  the  necessity  of  economy  in  handling  of 
his  materials  in  all  branches  of  manufacture.  Labor  saving 
appliances  are  regarded  as  absolutely  essential  to  the  pro- 
gress of  all  industries.  In  the  introduction  of  machinery 
for  the  automatic  handling  of  materials,  America  has  no 
doubt  taken  the  lead  on  account  of  the  peculiar  conditions 
of  this  country,  where  the  saving  of  high  priced  labor  is  of 
so  much  more  importance  than  in  other  countries.  In  round 
figures  it  may  be  taken  that  the  saving  of  one  man’s  wages 
warrants  the  investment  of  $4,000.00  in  machinery,  so  that, 
in  his  quest  for  economy,  the  engineer  is  ever  on  the  alert 
to  reduce  the  wage  bill  and  handle  everything  automatically. 
It  would  be  rash  to  assume  that  the  increase  of  mechanical 
appliances  is  detrimental  to  the  interests  of  the  worker;  on 
the  contrary,  experience  has  shown  that  his  daily  life  is 
thereby  made  easier,  his  intelligence  improved  and  his  wage 
earning  capacity  increased. 

The  subject  as  a whole  is  a very  extensive  one  and  may 
be  divided  into  two  main  topics  as  follows:  First,  installa- 
tions which  handle  the  material  continuously,  that  is,  receive 
and  deliver  it  in  an  uninterrupted  stream — such  installations 
as  bucket  elevators,  barrel  elevators,  spiral  and  belt  convey- 
ors, and  second,  installations  which  serve  to  handle  material 
intermittently,  such  as  grab  buckets,  used  in  loading  and  un- 
loading coal  and  ore  from  boats,  skips  for  the  handling  of 
concrete,  or  ore  in  reduction  furnaces,  and  cranes. 

This  -article  is  intended  to  treat  principally  with  in- 
stallations of  the  first  mentioned  or  continuous  type.  The 
subject  of  handling  materials  continuously  may  be  classi- 
fied under  three  heads : first,  appliances  for  lifting  in 

a vertical  direction,  from  one  level  to  another,  commonly 
called  elevators;  second,  appliances  for  moving  material  in 
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a horizontal  direction,  commonly  called  conveyors ; and 
third,  appliances  which  combine  the  two  former  by  elevat- 
ing and  conveying  the  material  horizontally  at  the  same 
time.  Conveyors  are  further  subdivided  into  appliances  con- 
sisting of  a fixed  trough  in  which  the  material  is  conveyed 
by  means  of  some  pushing  agent,  or  into  appliances  in  which 
the  trough  containing  the  material  moves  bodily. 

Elevators. 

Elevators  in  a primitive  form  have  been  known  and 
used  for  a very  considerable  length  of  time,  and  since  their 


FiS,  1. 

Telescopic  Ash  Elevator. 

introduction  have  undergone  little  alteration  except  in  de- 
tails. The  term  “elevator’'  is  usually  applied  to  endless  belts 
or  chains  to  which  are  attached  a series  of  suitably  shaped 
receptacles  or  buckets.  These  chains  or  belts  run  over  two 
terminal  pulleys  which  are  fixed  at  different  levels.  The  dis- 
tance from  the  centers  of  these  pulleys  is  usually  called  “cen- 
ters,” and  sometimes  “the  length  of  the  elevator.”  Elevators 
are  designed  to  suit  special  purposes,  but  are  with  few  excep- 
tions provided  with  adjustable  bearings  or  takeups,  which 
are  usually  arranged  at  the  lower  or  boot  end.  The  elevator 
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is  driven  at  the  delivery  end  of  the  elevator.  The  tighten- 
ing of  the  chain  might  disturb  the  driving  arrangement  if 
it  was  placed  at  the  lower  end.  An  elevator  should  always 
be  fed  from  that  side  on  which  the  buckets  ascend,  so  that 
the  stream  of  material  runs  into  the  elevator  buckets,  meet- 
ing them  on  their  upward  path.  For  elevators  of  large  capa- 


Fig.  2. 

Barrel  Elevator. 


city  it  is  sometimes  necessary  to  have  a very  wide  bucket, 
and  whenever  this  necessity  does  arise,  it  is  advisable  to 
use  double  strand  chains  which  fasten  either  to  the  end  or 
the  back  of  the  bucket  by  suitable  attachment. 


Mechanical  Handling  of  Material — Barbee  69 

A very  economical  form  of  elevator  is  one  fitted  with  a 
continuous  chain  of  buckets.  This  type  is  naturally  of  a 
much  larger  capacity  than  an  ordinary  elevator  of  the  same 
dimensions.  It  takes  and  delivers  its  load  with  more  uni- 
formity, and  as  the  buckets  need  not  plow  intermittently 
through  the  contents  of  the  elevator  boot,  smoother  running 
is  secured.  It  is  advisable  to  vary  the  shape  of  the  bucket 
for  the  different  products  they  have  to  handle.  A shallow 
bucket  is  best  for  soft  and  clinging  material  such  as  flour, 
while  for  harder  materials  such  as  wheat  a deeper  bucket 
will  be  found  preferable.  A novel  type  of  bucket  elevator  is 
that  of  the  telescopic  type  used  to  handle  ashes.  When  it  is 
not  in  use  it  may  be  telescoped  into  the  basement  and  the 
manhole  closed  in  the  sidewalk.  These  are  used  quite  exten- 
sively wherever  it  is  impossible  to  install  an  ash  elevator  of 
the  stationary  type.  The  usual  type  of  barrel  elevator  is 
shown,  and  it  is  so  self-explanatory  that  it  will  not  be  neces- 
sary to  explain  its  operation.  The  Chain  Belt  Company 
has  worked  out  and  patented  a very  successful  single  strand 
barrel  and  box  elevator.  This  type  has  found  particular 
favor  among  the  breweries  on  account  of  the  minimum 
amount  of  floor  space  it  occupies. 

Conveyors. 

There  are  many  types  of  conveyors.  The  oldest  per- 
haps is  what  was  known  in  olden  times  and  is  still  known 
as  the  worm  or  screw  conveyor.  The  screw  conveyor  con- 
sists today  of  a spiral  piece  of  steel  wound  round  a solid 
shaft  or  pipe  and  riveted  to  the  pipe.  The  sections  of  con- 
veyor are  coupled  by  means  of  gudgeons  at  which  the  bear- 
ing is  also  placed. 

The  next  type  of  conveyors  to  be  considered  are  those 
of  the  drag  or  push  plate  type.  Most  of  what  has  been 
said  in  reference  to  elevators  also  applies  to  scraper  con- 
veyors. This  conveyor  varies  much  in  minor  details , of 
construction,  but  in  principle  it  consists  of  a fixed  open 
trough  of  wood,  steel,  or  iron.  The  material  to  be  con- 
veyed is  deposited  in  this  trough  and  is  pushed  or  scraped 
along  by  a series  of  plates  attached  to  an  endless  chain 
which  revolves  over  head  and  tail  sprockets.  Belt  convey- 
ors present  an  acceptable  form  if  they  can  be  adapted  to 
handle  the  material.  The  advantage  over  other  types  is  that 
they  carry  the  material  rather  than  drag  it  and  do  not  cause 
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breakage  of  the  material.  They  present  the  one  disadvantage, 
however,  of  not  being  able  to  discharge  their  given  load  at 
any  particular  place  with  all  materials.  For  handling 
grains  it  has  a decided  advantage  as  the  intermediate  dis- 
charge is  effected  by  means  of  a traveling  tripper.  The 
carrying  side  of  the  belt  is  usually  supported  by  concen- 
trator pulleys  so  as  to  form  a trough,  while  the  return  is 


Fig,  3. 

Box  Elevator. 


over  flat  pulleys.  There  must  necessarily  be  a condition 
under  which  belt  conveyors  can  no  longer  be  effectively 
used  and  that  is  when  sharp  and  cutting  material  has  to  be 
handled.  In  such  cases  it  is  usual  to  employ  flight  convey- 
ors made  with  steel  or  iron  flights  mounted  on  a double 
strand  of  roller  chain  belt.  Usually  these  flights  are  curved 
on  each  end,  and  are  made  concentric  with  the  center  of  the 


Mechanical  Handling  of  Material — Barbee  yi 

chain  pin.  For  this  reason  this  particular  type  of  con- 
veyor receives  its  name  “Beaded  Flight  Conveyor.” 

Probably  the  most  accepted  form  of  conveyors  in  gen- 
eral use  today  for  coal  handling  are  the  gravity  discharge 
and  the  pivoted  bucket  systems.  The  gravity  discharge  is 
composed  of  a V shaped  bucket  rigidly  attached  to  a strand 
of  chain  on  each  end.  When  traveling  in  a horizontal 
direction  it  scrapes,  and  when  traveling  in  a vertical  direc- 
tion it  acts  as  an  elevator.  When  traveling  horizontally  it 
is  necessary  to  provide  a trough  and  the  material  is  dis- 
charged through  the  openings  at  the  desired  points.  The 
pivoted  bucket  is  made  up  of  a bucket  with  trunions  on  each 
end  fitted  into  strands  of  chain  belt.  The  buckets  are  free 
to  swing,  and  the  center  of  gravity  of  the  bucket  is  below  the 
pivot  point  at  all  times  so  that  the  bucket  remains  horizontal. 
When  it  comes  into  contact  with  a traveling  tripper  at  the 
discharge  point,  the  tripper  simply  overturns  the  bucket, 
its  contents  are  discharged  and  the  bucket  swings  back  to 
its  horizontal  or  normal  position.  Of  the  two  systems  the 
pivoted  bucket  is  the  more  desirable  because  it  is  less  noisy 
and  carries  the  material  rather  than  scrapes  it.  On  the 
other  hand  it  is  more  expensive  to  install. 

In  conclusion  it  might  be  said  that  there  is  no  exact 
rule  that  can  be  laid  down  in  planning  machinery  of  this 
class.  It  is  necessary  that  a careful  study  be  made,  not 
only  of  the  material  to  be  handled,  but  surrounding  condi- 
tions of  installation,  and  above  all  the  class  of  men  who  will 
have  to  do  with  the  installation  afterwards,  as  it  must  by  all 
means  be  fool-proof. 
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CARBON  CONTACT  RESISTANCES. 

C.  R.  Moore;,  ’oy 

A few  years  ago  the  writer  became  interested  in  the 
well  known  micro-phonic  phenomena  of  carbon  contacts 
and  began  a series  of  tests  having  for  their  object  the  de- 
termination of  data  which  might  be  used  for  purposes  of 
design.  It  must  be  recognized  at  the  outset  that  a great 
many  conditions  affect  tests  of  this  sort  so  that  in  apply- 
ing the  data  herein  given,  care  must  be  taken  to  have  simi- 
lar conditions.  However,  in  the  opinion  of  the  writer,  this 
data  is  of  value  even  in  cases  where  different  conditions 
exist,  in  that  certain  limitations  are  clearly  evident. 

The  first  of  the  tests  mentioned  above,  i.  e.,  those  hav- 
ing to  do  with  carbon  plates  under  fairly  heavy  pressures 
such  as  are  used  in  carbon  plate  rheostats  and  regulators 
have  already  been  reported,  so  that  this  paper  will  deal 
with  contact  resistance  of  granular  carbon  only. 

The  most  common  devices  in  which  granular  carbon 
is  used  are  telephone  transmitters  and  micro-phones.  Obvi- 
ously the  initial  pressure  and  changes  of  pressure  in  devices 
of  this  kind  are  very  slight  so  that  one  must  take  very  great 
care  in  tests  of  the  sort  herein  described  to  have  an  appara- 
tus of  the  proper  sensitiveness.  It  will  be  assumed  at  the 
outset  that  the  construction  of  the  ordinary  transmitter  and 
micro-phone  is  understood.  So  far  as  the  writer  is  aware 
the  changes  of  mechanical  pressure  on  a diaphragm  caused 
by  ordinary  sounds  have  never  been  reduced  to  figures  so 
that  the  general  scheme  followed  was  to  study  the  pres- 
sure-ohm characteristics  of  the  carbon  cell  itself  and  from 
these  data  deduce  values  of  pressure  .change  which  must 
occur  in  speech  transmission. 

The  apparatus  designed  by  the  writer  for  making 
these  tests  is  shown  in  Fig.  i.  This  device  is  essentially  a 
scale  beam  weighing  machine  in  which  means  are  provided 
for  varying  the  load  at  one  end  without  touching  me- 
chanically the  apparatus  as  a whole.  The  base  carries  an 
upright  support  tipped  with  knife  edges  at  “B.”  An  accur- 
ately balanced  beam  rests  upon  this  knife  edge,  and  carries 
a pointer  which  moves  over  a scale,  in  the  ordinary  way. 
At  one  end  of  this  beam  (A)  is  hung  an  aluminum  rod. 
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round  in  cross  section,  and  turned  to  that  diameter  which 
gives  exactly  one  square  centimeter  cross-sectional  area. 


The  rod  has  a centimeter  scale  marked  upon  it  beginning 
at  the  lower  end  as  shown.  Glass  beakers  are  arranged,  one 
surrounding  the  aluminum  rod,  and  one  fastened  to  a sup- 
port, the  height  of  which  may  be  varied.  Water  is  poured 
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into  both  beakers,  and  a siphon  tube  with  hose  clamp  is  ar- 
ranged as  shown. 

Obviously  the  height  of  the  water  in  beaker  E may  be 
varied  by  raising  or  lowering  the  beaker  fastened  to  the  ad- 
justable support.  From  the  construction,  it  is  evident  that  a 
change  of  water  level  of  one  centimeter  in  beaker  E produces 
a change  of  one  gram  in  the  forces  acting  on  end  A of  the 
scale  beam. 


Variable  Resist  a nee 

Pig'.  2. 


At  F is  hung  a pan  of  shot  which  serves  as  a counter- 
balance. A small  bar  of  wood  extends  from  C and  car- 
ries on  its  free  end  one  of  the  electrodes  of  the  carbon  cap' 
sule  under  test.  The  amount  of  shot  in  pan  F was  ad- 
justed until  balance  conditions  were  obtained.  An  upright 
of  wood  R fitted  at  the  bottom  with  an  adjusting  screw 
carries  the  remainder  of  the  carbon  capsule  and  the  other 
electrode.  R may  be  raised  or  lowered  by  means  of  the 
,ad justing  screw  and  in  this  way  practically  zero  pressure 
obtained,  actual  contact  being  indicated  by  a movement  of 
the  pointer. 

Circuits  were  arranged  as  shown  in  Fig.  2 so  that  read- 
ings of  current  and  voltage  might  be  obtained  as  desired. 

The  procedure  followed  in  making  an  observation  is  as 
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follows : The  beam  is  accurately  balanced  with  the  water  in 
beaker  B at  the  zero  point  of  the  scale.  During  this  time, 
post  R is  in  its  lowest  position  and  the  beam  is  free  to 
vibrate.  When  it  has  come  to  rest,  R is  raised  until 
movement  of  the  pointer  begins,  indicating  that  practically 
zero  pressure  exists  at  the  electrodes.  The  level  of  the 
water  in  beaker  B may  now  be  raised  to  some  desired  pres- 
sure and  readings  of  current  and  voltage  at  the  electrodes 
taken.  The  top  key  shown  is  essential  since  the  readings 
must  be  taken  as  quickly  as  possible.  If  this  precaution  is 
not  observed  heating  effects  develop  within  the  capsule  for 
which  correction  is  difficult  if  not  impossible. 

The  performance  of  the  instruments  in  connection 
with  this  apparatus  is  of  unusual  interest.  When  the  tap 
key  is  first  pressed,  the  needle  swings  across  the  scale  and 
then  recedes  a short  distance  due  to  interior  effects.  The 
needle  will  pause  for  a short  time  and  then  begin  to 
crawl  slowly  downward.  Another  pause  is  noticeable  after 
which  the  needle  begins  to  crawl  slowly  upward.  Finally, 
a constant  value  is  reached  after  which  there  is  no  change 
in  position.  The  above  action  is  most  pronounced  when  cur- 
rent values  are  low.  With  high  current  values  from  0.3  am- 
peres upward,  the  needle  vibrates  on  each  side  of  a definite 
point.  These  phenomena  will  be  discussed  later. 

Data  for  these  tests  may  be  taken  in  three  ways : 

(1)  Pressure  constant,  variable  current.  Calculate 

resistance. 

(2)  Voltage  constant,  variable  pressure.  Calculate 

resistance. 

(3)  Current  constant,  variable  pressure.  Calculate 

resistance. 

The  first  method  was  used  in  these  tests  and  seems  to 
be  the  most  reliable.  The  second  and  third  methods  in- 
volve heating  difficulties  in  the  capsule,  which  are  trouble- 
some. Furthermore,  the  third  method  involves  a condi- 
tion never  met  with  in  telephone  practice.  The  range  of 
voltages  1 to  4 used  in  these  tests  covers  well  the  values 
used  in  practice.  Surface  tension  of  the  water  around  the 
aluminum  rod  presented  some  difficulty  at  first,  but  after 
a little  practice  accurate  values  were  quickly  obtained. 
Various  corrections  were  made  covering  standardizing  of 
the  instruments,  current  taken  by  the  voltmeter,  etc.,  in 
working  up  the  data.  The  scheme,  in  general,  is  to  measure 
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the  drop  of  potential  across  the  capsule  as  values  of  resist- 
ance are  easily  computed  by  application  of  Ohm’s  law. 

Curves  given  in  Fig.  3 show  variation  in  resistance  with 
varying  voltages.  It  will  be  noted  that  these  curves  show 
a critical  voltage  at  which  point  the  resistance  reaches  a 


Fig.  3. 

maximum.  All  the  curves  taken  are  not  shown  but  the 
greater  part  of  them,  including  those  given  in  Fig.  3,  show 
that  this  critical  value  is  about  0.5  volt,  and  is  practically 
independent  of  pressure  within  the  range  of  values  used- 
This  critical  point  will.be  discussed  later. 
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Figs.  4 and  5 show  the  shapes  of  the  pressure-resist- 
ance curves.  It  should  be  noted  that  these  closely  resemble 
curves  plotted  according  to  the  hyperbolic  law.  All  seem 
to  tend  toward  some  constant  value  of  resistance  as  the 
pressure  is  increased.  This  resistance  is  probably  the  in- 
herent electrical  resistance  of  the  carbon  itself. 

In  order  to  determine  how  closely  the  curves  found  by 
test  approximate  the  true  hyperbola,  the  theoretical  curves 
were  calculated  and  superimposed  upon  the  experimental 
curves.  Points  found  by  calculation  are  indicated  by  small 
circles.  A method  for  calculating  the  parameters  of  such 
curves  is  as  follows : the  general  equation  for  the  hyperbola 
to  asymptotes  parallel  to  any  set  of  axes  is 

M = (p  — A)  (r  — B) 

where  A = the  initial  pressure 
B = the  initial  resistance. 

Taking  the  co-ordinates  of  three  points  on  the  curve, 
this  equation  yields  three  equations,  as  follows : 

M = (Pi  — A)  (rt-5) 

M — (p,  — A)  (>,  — B) 

M = ( p,  — A ) (r,  — B) 

which  solved  simultaneously  for  A and  B give 
^ (P2  Pi)  Pz  TZ  + (Pz  P2)  Pi  ri  ( Pz  Pi)  P 2 ^2 

(Pz  P2)  r\l  + (P2  Pi)  rZ  (Pz  Pi)  r2 

(r2  — rt)  r3  p3  + (r3  — r2)  rx  px  — (r3  rx)  r2  p2 

B = 

(^3  — r2)  px  + (r2  — rx)  p3  — (r8  — rx)  p2 

From  the  one  volt  curve  in  Fig.  4 the  following  values 
are  chosen : 

px  — 0.4  grams.  rx  = 92.0  ohms. 

P2  = i-O  “ r2  = 45.5  “ 

Pz  = 2-0  “ r3  = 25.5  “ 

Substituting  these  values  in  the  above  equations  gives 

A — — 0.132  grams  and  B — 2.35  ohms  as  the  asymptotes 
to  the  theoretical  curve.  These  lines  do  not  coincide  with 
the  original  axes  owing  to  the  fact  that  absolute  zero  pres- 
sure was  not  obtained  at  the  start  and  that  the  circuit  con- 
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tained  ohmic  resistance  other  than  that  of  the  carbon  cap- 
sule itself.  These  asymptotes  are  shown  as  broken  lines  in 
Fig.  4. 

Substituting  these  values  for  A and  B in  the  first 
equation  given  gives 

M — (.4  + .132)  (92  — 2.35)  = 47.65. 
which  may  be  used  in  calculating  any  theoretical  point  de- 
sired on  the  one  volt  curve.  The  agreement  between  the 
theoretical  and  experimental  curves  is  shown  by  the  fact 
that  the  calculated  points  fall  almost  exactly  upon  the  curve 
plotted  from  the  tests.  These  calculations  were  duplicated 
for  the  3 volt  curve  shown  in  Fig.  5,  where  the  agreement 
between  calculated  and  experimental  data  was  also  very 
close. 

In  one  well  known  make  of  transmitter  two  carbon 
disks  each  about  0.5  inches  in  diameter  are  spaced  about 
0.1  inches  apart,  one  being  fastened  rigidly  to  a solid  back 
and  the  other  attached  to  a mica  diaphragm.  The  space 
between  is  filled  with  granular  carbon  to  an  average  level 
about  0.1  inches  above  the  center  line. 

A little  calculation  shows  that  the  center  of  gravity  of 
the  portion  of  the  carbon  disk  in  contact  with  the  granular 
carbon  is  on  the  vertical  diameter  about  0.4  cm.  below  the 
level  of  the  carbon  particles.  The  area  of  carbon  disk 
touched  by  the  granules  is  about  0.8  sq.  cm.  and  the  center 
of  pressure  is  about  0.65  cm.  below  the  granular  level.  Ap- 
plying the  laws  of  hydrostatic  pressure,  considering  the  spe- 
cific gravity  of  carbon  as  2.25  and  allowing  for  the  inter- 
stices between  the  grains  we  have : 

7 r 

Pressure  on  center  of  gravity  = .4  x 2.25  x — = .708 

4 

grams  per  cm.  Total  pressure  acting  on  disk  = .708  x .8  = 
.566  grams.  This  force  must  of  course  be  considered  as 
applied  at  the  center  of  pressure. 

The  resistance  on  the  one  volt  curve  of  Fig.  4 for  .566 
grams  pressure  is  about  90  ohms  and  on  the  4 volt  curve 
about  50  ohms.  These  values  agree  very  well  with  those 
found  in  practice.  It  is  therefore  safe  to  assume  that  the 
initial  pressures  in  granular  carbon  transmitters  are  in  the 
order  of  one-half  gram.  It  should  be  noticed  that  the 
resistance  curve  at  this  pressure  has  a very  steep  negative 
slope  and  that  any  further  decrease  in  pressure  raises  the 
value  very  much ; thus,  for  about  0.2  gram  pressure  the 
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resistance  will  be  measured  in  hundreds  of  ohms.  Further- 
more, a very  slight  change  of  pressure  at  this  point  makes 
,a  great  change  in  this  resistance  value  and  herein  lies  the 
secret  of  microphone  action. 


Fig.  4. 

Experiments  have  been  made  in  which  the  tread  of  an 
ordinary  house  fly  has  been  made  to  sound  very  much  like 
a trotting  horse,  and  sounds  entirely  inaudible  to  the  un- 
aided ear  have  been  easily  heard  through  the  receiver. 

The  theory  underlying  this  interesting  phenomena  has 
been  very  much  discussed,  and  nearly  all  writers  agree  that 
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the  effect  is  due  to  change  of  area  of  contact  with  pressure. 
Some  have  likened  the  change  of  area  of  contact  surface 
with  pressure  to  the  effect  shown  by  pressing  a billiard  ball 
gently  or  with  considerable  pressure  upon  a hard  smoked 
surface.  A small  black  dot  is  given  to  it  with  light  pres- 
sure, but  a black  area  of  considerable  size  results  when  the 
pressure  is  heavy.  The  microscopic  character  of  the  sur- 
face of  the  carbon  particle  seems  to  have  been  entirely 
overlooked. 

If  one  will  but  take  the  trouble  to  examine  under  a high 
power  microscope  the  carbon  surface  which  exhibits  the 
most  pronounced  microphonic  action  he  will  find  that  this 
surface  presents  very  broken  and  rough  appearance  not  un- 
like a pile  of  loose  coal  the  chunks  of  which  vary  from  slack 
to  lump  size.  The  writer  has  examined  several  carbon  gran- 
ules, taken  singly  and  magnified  to  approximately  600  diam- 
eters, and  all  show  the  same  character  of  surface,  i.  e., 
very  much  broken,  covered  with  peaks,  cliffs  and  small 
rectangular  points  jutting  out  in  every  direction.  To  the 
naked  eye  these  granules  looked  perfectly  smooth.  It  is 
to  these  minute  peaks  and  spires  that  particular  attention 
should  be  called.  The  carbon  particle  is  very  elastic  so 
that  very  light  pressure  between  two  granules  brings  only 
a few  of  the  peaks  or  points  into  actual  contact  but  a slight 
increase  in  pressure  will  bring  into  play  many  more  peaks 
or  points  having  lesser  height  from  the  main  body  of  the 
particle  and  thus  lower  the  resistance  considerably.  Through 
the  microscope  it  is  easily  seen  that  the  high  peaks  are  few 
in  number  but  the  foot  hills,  so  to  speak,  are  numerous. 
Therefore  as  the  pressure  is  still  further  increased,  lower 
peaks  are  brought  into  play  in  increasing  numbers  until 
finally  a point  is  reached  where  a considerable  part  of  the 
particle  surface  is  in  actual  contact.  From  this  point  on, 
the  billiard  ball  analogy  probably  holds,  but  for  pressures 
below  this  the  peaks  evidently  play  the  major  part. 

The  data  herein  given  shows  that  the  resistance  is  also 
lowered  with  increase  of  voltage,  a phenomenon  which  is 
due  to  the  peaked  character  of  the  surface.  For  a given 
mechanical  pressure  let  us  suppose  that  only  a few  of  the 
highest  peaks  are  in  actual  contact.  If  now  a low  voltage 
be  impressed  on  the  particles,  a current  will  flow,  the  points 
become  heated  and  their  individual  resistances  are  reduced; 
i.  e.,  carbon  has  a negative  temperature  coefficient.  Any  fur- 
ther increase  in  voltage  increases  this  effect. 
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For  the  lighter  mechanical  pressures,  however,  a more 
or  less  pronounced  critical  votage  exists  such  that  further 
increase  or  decrease  of  voltage  will  lower  the  resistance. 
In  this  connection  the  wedging  action  of  the  points  one  on 


the  other  must  be  considered.  A low  voltage  will  cause  just 
current  enough  to  flow,  let  us  say,  to  heat  the  tips  of  these 
peaks  only,  radiation  from  their  sides  being  sufficient  to  pre- 
vent the  main  body  of  the  jut  or  spire  from  being  appreci- 
ably heated.  The  points  are  then  weaker  mechanically  and 
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unless  enough  initial  pressure  is  used  to  cause  the  particle 
to  “follow  up,”  the  resistance  will  be  increased,  due  to  re- 
duced area  of  actual  contact  surface.  Above  this  critical 
value  of  voltage  the  entire  point  becomes  heated  and  this 
more  than  offsets  the  increase  of  resistance  at  the  point  of 
actual  contact.  Below  this  critical  voltage  there  is  a balanc- 
ing effect  produced  due  to  the  increased  resistance  shutting 
off  a portion  of  the  current.  The  point  upon  cooling  slightly 
tends  to  resume  its  former  position,  thus  increasing  again 
the  current  value.  This  accounts  for  the  wavering  action 
of  the  instruments  at  this  point.  Below  this  critical  volt- 
age the  instruments  are  very  unsteady. 

From  this  data  one  may  conclude  that  if  perfectly 
smooth  surfaces  could  be  obtained  there  could  be  no  change 
of  resistance  with  pressure  so  long  as  actual  contact  ex- 
isted. This  is  of  course  a practical  impossibility.  It  might 
be  remarked  further  that  no  doubt  a magnification  of  600 
diameters  fails  to  disclose  all  the  peaks  and  points  that 
affect  the  action,  but  on  the  whole  it  is  the  opinion  of  the 
writer  that  these  irregularities  acting  upon  each  other,  and 
influenced  by  both  heat  and  pressure,  give  rise  to  micro- 
phonic  phenomena. 

In  closing,  the  writer  wishes  to  express  his  apprecia- 
tion of  the  efforts  of  Messrs.  E.  B.  Boar  and  F.  A.  Appen- 
f elder,  class  of  1908,  to  perform  successfully  the  experi- 
ments herein  discussed,  the  greater  part  of  the  data  herein 
given  having  been  obtained  by  them  pursuant  to  their  thesis 
investigation  under  his  direction. 
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THE  CAPITOL  AVENUE  BRIDGE,  INDIANAPOLIS, 
INDIANA, 

Lawrence:  V.  Sheridan,  ’09. 

The  new  bridge  crossing  Fall  Creek  at  Capitol  Avenue 
in  the  City  of  Indianapolis  was  erected  during  the  latter 
half  of  1911  and  the  first  half  of  1912.  This  structure,  con- 
sisting of  three  reinforced  concrete  arches  faced  with  stone 
and  granite,  is  notable  in  many  of  its  features.  Its  location 
exerted  a great  influence  upon  the  architectural  features  of 
its  design,  and  made  imperative  a careful  study  of  its  final 
landscape  setting.  Capitol  Avenue  is  the  principal  north  and 
south  boulevard  of  the  city,  and  at  the  point  where  it 
crosses  Fall  Creek  the  greatest  progress  in  the  development 
of  the  extensive  parkway  system  which  has  been  planned 
for  the  city,  has  taken  place.  At  this  point  parkways,  with 
their  attendant  drives,  have  been  constructed  on  either  side 
of  the  stream  and  are  rapidly  assuming  finished  form,  and 
it  will  be  seen  that  the  structure  is  in  reality  a Park  bridge. 
This  required  a refinement  of  detail  in  its  design  that  is  not 
often  considered  necessary  in  the  average  structure. 

The  arches  are  the  seven-center  type,  the  center  arch 
having  a span  of  84'  and  a rise  of  11.5'  while  the  end  arches 
have  spans  48'  and  rises  of  8.75'.  Extending  beyond  the 
arches  are  approach  walls  with  radii  varying  from  26'  to 
50',  the  radius  of  each  wall  being  determined  by  the  align- 
ment of  the  curb  connecting  the  curb  on  the  bridge  with 
that  of  the  parkway  drive.  A slight  camber  carried  from- 
the  ends  of  the  approach  over  the  entire  structure  adds 
greatly  to  the  effect  of  solidity  and  massiveness  which  the 
whole  structure  has  been  designed  to  convey. 

The  site  of  the  new  bridge  was  occupied  by  an  old  steel 
structure,  erected  about  1876  and  which  had  been  in  use 
until  early  in  1911.  It  consisted  of  two  Pratt  trusses 
with  two  roadways,  each  span  consisting  of  three 
trusses.  The  steel  had  become  dangerously  corroded.  The 
foundations  were  composed  of  two  limestone  abutments 
and  a concrete  pier  which  had  been  built  to  replace  a lime- 
stone pier  which  had  been  damaged  during  a flood.  The 
abutments  rested  upon  timber  grillages  made  of  rough  hewn 
logs  averaging  about  T5"x2o"  in  section,  while  the  top 
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plane  of  the  grillage  was  at  or  possibly  a little  above  the  low 
water  level  and  the  timber  was  in  fairly  well  preserved  con- 
dition. There  were  three  thicknesses  of  the  timbers  form- 
ing the  grillage.  This  construction  made  the  wrecking  of 
the  structure  an  easy  task  and  it  was  accomplished  in  about 
three  weeks  time. 

The  contractors’  plant  was  arranged  as  shown  in  Fig. 
j.  A temporary  trestle,  spanning  the  stream  east  of 
the  bridge  site  and  carrying  a narrow  gauge  track,  made 
the  transfer  of  materials  an  easy  matter.  Any  point  of  the 
structure  could  be  reached  with  the  derricks,  the  large  one 
resting  on  the  foundation  of  the  old  pier  in  the  center  of 


Fig.  1. 


the  stream  having  an  80'  boom,  while  one  of  the  smaller 
derricks  had  a 55'  and  the  other  a 60'  boom.  They  were  all 
equipped  with  “bull-wheels”  permitting  a swing  of  almost 
360°.  This  arrangement  of  the  plant  was  very  elastic  and 
little  time  was  lost  in  getting  materials  where  they  were 
needed  quickly. 

The  excavation  for  the  foundations  was  entirely 
through  gravel.  Coffer-dams  built  of  2"  sheeting  were  sunk 
with  the  aid  of  a single-line  clam-shell  bucket  to  points  ten 
feet  below  the  low  water  level,  fifteen  foot  piles  being  then 
driven  in  this  pit  and  spaced  three  feet  center  to  center. 
They  were  driven  with  a No.  2 Vulcan  steam  hammer  whose 
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striking  part  weighed  3000  pounds  and  fell  through  a dis- 
tance of  36",  the  bearing  values  obtained  by  the  application 
of  the  Wellington  or  Engineering  News  formula  averaging 
about  7000  pounds,  which  was  considerably  higher  than  the 
values  assigned  in  the  design.  It  may  be  mentioned  in  this 
connection  that  no  bearing  value  was  assigned  to  the  gravel 
in  the  design  in  order  to  provide  for  safety  in  case  of  exces- 
sive scour. 

Some  difficulty  was  experienced  in  pumping  out  the 
pits  due  to  the  porous  structure  of  the  bottoms  which  al- 
lowed the  water  to  seep  in  with  very  little  retardation. 
However,  the  water  level  was  lowered  to  within  a foot  of 
the  bottom  with  the  aid  of  two  6"  'and  one  4"  centrifugal 
pumps,  and  this  permitted  of  depositing  the  concrete  with 
very  little  segregation  of  the  materials.  The  concrete  used 
for  the  substructure  work  was  mixed  in  the  proportions  of 
one  part  cement,  three  parts  sand  and  five  parts  of  gravel, 
the  gravel  being  obtained  in  excavating  the  pits.  An  ex- 
amination of  the  natural  mixture  showed  it  to  be  nearer  the 
proportion  of  one  to  one  than  three  to  five,  and  this  condi- 
tion was  overcome  by  mixing  in  the  proper  amount  of  coarse 
material. 

The  concrete  was  deposited  by  the  derricks  from  buck- 
ets in  layers  about  18"  thick  up  to  a point  two  feet  below 
the  low  water  mark  where  it  was  leveled  off  to  receive  the 
first  course  of  granite.  The  granite  facing  consisted  of  four 
courses  averaging  about  18"  in  height  and  10"  and  16"  in 
thickness  in  alternate  courses  to  provide  a bond  with  the 
concrete.  They  were  also  well  anchored  into  the  concrete 
with  bent  steel  anchors.  While  the  average  pieces  of  gran- 
ite did  not  weigh  over  a ton,  the  large  caps  for  the  starlings 
and  the  bases  for  the  pylons  weighed  in  the  neighborhood  of 
seven  tons  and  required  considerable  care  in  handling  and 
setting. 

The  centering,  shown  in  Fig  2,  required  a great  amount 
of  care  in  its  construction  in  order  that  no  abrupt  changes 
of  curvature  might  be  noticed  in  the  finished  arch  ring. 
In  order  to  obtain  true  templets  for  cutting  the  ribs,  the 
curve  of  the  arch  was  laid  out  on  a large  pattern  board  with 
the  aid  of  a transit,  stakes  being  set  for  each  of  the  seven 
centers.  After  obtaining  the  true  curve  the  templets  were 
cut  and  checked,  and  were  then  used  to  mark  the  cutting 
lines  on  each  rib,  which  was  thus  cut  to  the  exact  curvature 
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desired.  The  centers  were  constructed  on  a very  simple 
design.  In  the  small  arches  three  rows  of  piles  were  driven 
and  in  the  large  arch  five  were  driven,  the  piles  being  spaced 
about  six  feet  center  to  center.  On  these  12"  x 12"  caps 
were  placed,  upon  which  were  laid  hardwood  wedges  spaced 
30"  apart  in  the  small  arches  and  45"  in  the  large  one.  On 
the  wedges  a second  cap  composed  of  3"  x 10"  pieces  spiked 
together  was  placed  and  the  stringers,  6"  x 10"  in  the  small 
arches  and  8"  x 10"  in  the  larger  one,  were  set  on  these 
caps  directly  over  the  wedges.  Their  ends  were  carefully 
beveled  to  fit  tightly.  The  ribs,  cut  to  the  proper  curve  as 
mentioned  above,  were  then  placed  on  the  stringers  ready  to 


receive  the  lagging  which  was  composed  of  2"  pieces  over  the 
flatter  portions  of  the  curve  and  of  two  thicknesses  of  1" 
pieces  where  the  curve  was  sharper.  When  the  load  was 
applied  very  little  deflection  was  noted,  much  less  than 
would  be  expected  from  simple  beams;  however,  the  beams 
are  rendered  much  stiffer  by  the  arch  action  induced  in  the 
tightly  fitting  beams  and  also  by  the  arching  of  the  lagging. 

The  Bedford  stone  was  cut  at  the  mills  of  the  Bedford 
Cut  Stone  Company,  and  was  laid  out  so  perfectly  that 
practically  the  only  cutting  necessary  at  the  work  was  a 
slight  trimming  necessary  to  insert  the  keystones  and  the 
cutting  of  the  grade  at  the  first  moulding.  The  stone  was 
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all  set  by  one  mason  and  a helper  who  easily  kept  ahead  of 
the  other  work.  The  arrangement  of  the  stone  work  is 
shown  in  Fig.  2.  The  stone  was  all  cut  very  heavy,  the 
architrave  stones  and  the  cornice  being  about  three  feet  in 
thickness  and  none  of  the  pieces  being  less  than  8"  thick. 
This  served  to  give  a good  bond  with  the  concrete,  but  in 
addition  each  stone  was  anchored  securely  with  steel  an- 
chors. 

The  arrangement  of  the  steel  is  shown  in  Fig.  3.  Square 
twisted  bars  with  an  elastic  limit  of  55000  pounds  per  sq.  in. 
were  used  and  were  wired  and  braced  securely  in  place.  Fig. 
3 shows  the  arrangement  of  the  steeel  in  the  approaches  and 
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also  the  forms  of  the  sections.  The  buttress  sections  were 
used  for  the  deeper  portions  of  the  wall  and  the  cantilever 
where  the  height  was  not  so  great. 

The  concrete  for  the  arches  was  in  the  proportion  of  one 
part  cement, two  parts  sand  and  four  parts  broken  stone  (size 
2 yC').  For  the  spandrel  and  approach  walls  the  mixture 
was  the  same  as  for  the  substructure  work  (1:3:5).  The 
arches  were  poured  in  longitudinal  sections,  the  large  arch 
being  divided  into  four  sections  and  the  small  ones  in  two. 
The  spandrel  and  approach  walls  were  poured  in  courses 
averaging  two  feet  in  depth  in  order  to  avoid  pushing  the 
stone  out  of  place. 
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The  problem  of  waterproofing  was  the  most  trouble- 
some, and  was  not  handled  as  successfully  as  was  desired. 
A waterproofing  compound  was  used  to  coat  the  surface 
of  one  small  arch  and  the  backs  of  portions  of  the  spandrel 
and  approach  walls.  • On  the  large  arch  and  one  small  one 
a “mineral  rubber  compound”  was  painted,  two  coats  being 
given.  This  material  was  very  highly  recommended,  and  a 
series  of  tests  were  made  to  determine  its  waterproofing 
qualities.  Several  pieces  of  Bedford  stone  were  given  two 
coats  of  material,  some  being  brushed  on  and  others  dipped ; 
these  pieces  were  then  immersed  in  water  colored  with  a 
scarlet  dye.  Upon  breaking  open  those  pieces  which  had 
been  dipped  a slight  stain  appeared,  but  the  others  were  un- 
stained. However,  the  arch  coated  with  the  waterproofing 
compound  showed  very  little  leakage,  while  those  coated 
with  the  mineral  rubber  leaked  considerably.  This  leakage 
is  probably  due  to  the  lack  of  a sufficient  bond  between  the 
material  and  the  concrete.  The  stones  were  all  backed  with 
either  UaFarge  cement  or  the  “mineral  rubber,”  and  all 
showed  considerable  cement  stain,  this  probably  being 
caused  by  the  lack  of  bond  between  the  “mineral  rubber” 
and  the  stone  in  the  one  case  and  in  the  other  case  to  the 
porous  structure  of  the  FaFarge  mortar,  which  although 
absolutely  stainless  in  itself  allowed  the  soluble  iron  in  the 
cement  to  pass  through.  It  is  possible  that  a mixture  of 
three  or  four  per  cent  of  waterproofing  compound  with  the 
non-staining  cement  might  give  good  results. 

The  lighting  system  was  designed  to  harmonize  with 
the  architecture  of  the  bridge  proper.  The  twelve  lamp 
standards  are  of  statuary  bronze  and  each  contains  four 
40  watt  and  one  60  watt  Tungsten  lamps.  The  system  is 
controlled  from  a switch  cabinet  located  in  the  post  at  the 
end  of  one  of  the  approach  walls,  the  standards  being 
switched  in  pairs. 

The  sidewalks  were  constructed  of  1 :2  14  concrete  sur- 
mounted by  a 1 \iy2  wearing  course  containing  No.  5 gran- 
ite screenings.  The  surface  of  the  walk  is  made  with  a float 
instead  of  a trowelled  finish.  The  joints,  however,  are  trow- 
elled smooth  on  either  side  of  the  mark  which  serves  to 
give  a proper  contrast  to  the  sidewalk  panels,  which  were 
laid  out  in  such  a manner  as  to  emphasize  the  posts  in  the 
balustrade.  The  sidewalk  serves  as  a cover  plate  for  two 
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conduits  2'  6"  x 4'  6"  in  size.  The  total  width  of  the  walk 
is  ten  feet  and  the  roadway,  of  Trinidad  asphalt,  is  forty 
feet,  giving  a clear  opening  of  sixty  feet. 

The  total  cost  of  the  structure,  including  all  extras 
which  have  been  found  to  be  necessary  during  the  construc- 
tion, will  total  $100,000.00,  which,  in  view  of  the  excellent 
manner  in  which  the  work  was  done,  is  a very  low  figure. 

The  bridge  was  built  for  Marion  County,  and  the 
Board  of  Park  Commissioners,  of  whom  Dr.  Henry  Jame- 
son is  President,  by  the  Cleary-Kuert  Construction  Company 
of  Indianapolis  after  the  design  of  George  E.  Kessler,  Con- 
sulting Landscape  Architect  for  the  Park  Board.  Mr.  Rob- 
ert C.  Barnett  had  charge  of  the  engineering  design  and 
Mr.  H.  C.  Broadwell  was  the  architect  for  Mr.  Kessler. 
The  writer  was  the  engineer  in  charge  for  the  Park  Board. 
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TOLL  TELEPHONE  TRAFFIC 

R.  S.  Armstrong,  ’ii 

More  and  more  as  time  passes  business  men  are  turn- 
ing to  the  telephone  to  save  them  long  journeys  and  the 
accompanying  expense  and  time.  Toll  calls  and  Long  Dis- 
tance conversations  are  an  every  day  occurrence.  This  in- 
crease in  traffic  over  Toll  lines  has  led  to  many  discussions 
as  to  the  best  methods  of  handling  this  traffic ; how  the  com- 
pany can  give  quick.  Satisfactory,  and  economical  service 
for  as  low  a revenue  as  is  consistent  with  the  capital  in- 
vested. In  the  limited  space  allowed  it  would  be  impossible 
to  more  than  point  out  the  essential  factors  of  traffic  work 
and  what  the  young  man  entering  this  field  can  expect  to 
encounter.  It  should  be  borne  in  mind  by  the  reader  that 
the  remarks  following  apply  to  conditions  in  any  large 
city  having  over  10,000  or  12,000  telephone  subscribers  and 
presenting  questions  and  problems  not  encountered  in  the 
smaller  telephone  exchanges. 

The  Long  Distance  telephone  traffic  is  naturally  divided 
into  two  classes,  long  haul  and  short  haul  business.  The 
long  haul  business  is,  as  its  name  implies,  that  business 
which  requires  the  use  of  long  circuits  and  the  accompany- 
ing characteristics  of  the  same.  This  traffic  usually  is  that 
requiring  circuits  over  seventy-five  to  one  hundred  miles  in 
length.  The  short  haul  business,  on  the  other  hand,  con- 
sists of  the  traffic  over  circuits  under  seventy-five  to  one 
hundred  miles  in  length,  and  is  correspondingly  heavier  in 
the  amount  of  traffic.  This  short  haul  business  may  be  fur- 
ther sub-divided  into  the  express  service  to  the  points  near- 
est the  city,  say  within  a radius  of  nineteen  miles,  and  the 
Toll  service  or  that  beyond  this  radius.  The  Chicago  Ex- 
press business  is  handled  on  what  is  known  as  a two-num- 
ber basis ; that  is,  the  calling  party  gives  his  order  to  the 
recorder  by  number,  the  telephone  company  not  guaran- 
teeing to  obtain  an  individual  on  these  connections.  More- 
over the  calling  party  holds  his  receiver  until  the  connec- 
tion is  completed,  the  idea  being  to  make  this  Express  serv- 
ice as  rapid  as  the  local  service  and  affording  the  cheapest 
service  possible  consistent  with  economic  conditions.  The 
Toll  and  long  haul  or  Long  Distance  work  is  practically 
identical  with  the  exception  that  with  Toll  work  only  about 
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one  per  cent  of  the  total  traffic  requires  more  than  one  cir- 
cuit to  complete  the  call,  whereas  with  Long  Distance  work 
it  is  often  necessary  to  use  four,  five,  or  six  circuits.  The 
operating  instructions  for  handling  Toll  and  Long  Dis- 
tance traffic  are  nearly  identical  although  there  are  many 
minor  differences  due  to  the  different  character  of  the 
traffic.  Hereafter  in  this  paper  the  Toll  and  Long  Distance 
work  will  be  considered  as  identical. 

Curve  No.  1 shows  a comparison  of  the  speed  of  the 
service  of  the  Express  and  Toll  traffic  handled  in  the  Chi- 
cago Toll  Room.  These  curves  are  plotted  with  the  time 
interval  in  minutes  as  abscissae  and  the  percentage  of  the 
calls  completed  as  ordinates.  It  will  be  noted  from  these 


curves  that  in  five  minutes  ninety-six  per  cent  of  the  Express 
business  is  cared  for  while  only  sixty-eight  per  cent  of  the 
Toll  business  has  been  disposed  of.  This  indicates  the  rela- 
tive speed  of  the  two  classes  of  service. 

In  the  completion  of  any  Long  Distance  call,  there  are 
four  types  of  switchboard,  and  therefore  four  different 
operators  involved,  not  including  distributing  operators  and 
checkers  mentioned  later. 

The  “A”  board  in  any  office  is  the  switchboard  upon 
which  the  answering  lamp  and  corresponding  jack  of  the 
subscriber’s  line  terminates.  This  lamp  is  located  in  front 
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of  an  operator  at  the  board  so  that  she  or  the  operator  on 
either  side  of  her  can  answer  it  readily.  Generally  speak- 
ing, only  these  three  operators  have  access  to  this  line. 

The  “B”  board  on  the  other  hand  is  so  arranged  that 
any  operator  at  the  board  can  reach  any  subscriber’s  line 
in  that  particular  office.  The  number  of  subscribers  in  any 
exchange  is  thus  limited  by  the  reach  of  the  average  oper- 
ator. The  modern  exchanges  of  a large  city  are  built  to 
care  for  10,500  subscribers. 

In  completing  a local  call  the  “A”  operator  answers  the 


Fig.  2. 

“A”  Board 

signal  with  the  inside  cord  of  an  idle  pair  of  the  cords  in 
front  of  her.  Upon  learning  the  number  desired,  she  de- 
presses the  “call  circuit”  button  to  the  office  desired  and 
tells  the  “B”  operator  the  number  wished.  The  “B”  oper- 
ator has  a number  of  single  cords  before  her  which  ter- 
minate in  jacks  at  the  originating  “A”  office.  She 
selects  an  idle  cord  and  passes  the  number  of  the  cord  to 
the  “A”  operator  who  immediately  inserts  the  plug  of  the 
calling  cord  of  her  pair  in  the  jack  having  the  same  num- 
ber as  the  “B”  operator’s  cord.  The  “B”  operator  in  the 
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meantime  inserts  the  plug  of  her  cord  in  the  jack  of  the 
subscriber’s  line  called. 

Plate  No.  1 illustrates  in  a diagrammatic  way  an  ex- 
change system  of  two  offices.  “A”  and  “B”  represent  the 
“A”  and  “B”  boards  in  “Main”  office,  and  A'  and  B'  the 
A and  B boards  in  the  “Central”  office.  C and  C'  repre- 
sent one  pair  of  the  “A”  operator’s  cords  while  B and  B' 
represent  the  “B”  operator’s  cords,  x represents  the  an- 
swering light  on  each  “A”  board  of  the  subscribers’  lines 
A and  S'  respectively.  It  will  be  noted  that  these  lines  are 
bridged  in  each  case  to  both  the  A and  B board  in  the  sub- 
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scriber’s  office.  Following  a connection  from  5 to  S'  from 
Plate  No.  1 ; ^ picks  up  his  receiver,  causing  the  signal  in 
front  of  the  “Main”  “A”  operator  to  light.  A answers 
with  an  inside  cord  and  N asks  for  Central  294,  S’s  tele- 
phone. A closes  her  key,  depresses  the  call  circuit  button 
(not  shown)  which  connects  her  head  set  with  that  of  the 
Central  “B”  operator,  B'.  “A”  repeats  the  number  desired 
to  B'  who  picks  up  an  idle  cord  (25)  at  the  same  time  pass- 
ing the  number  of  this  cord  to  A.  A inserts  the  outside 
cord  in  the  corresponding  jack  (25)  of  her  lines  to  Central, 
while  B'  inserts  her  plug  in  the  jack  of  the  subscriber  called. 
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The  ringing  begins  automatically  on  the  modern  boards, 
thus  making  it  unnecessary  for  either  the  A or  B'  operator 
to  ring  the  number  manually.  The  cords  are  equipped 
with  disconnect  signals  so  that  the  operators  will  know 
when  to  take  down  the  connection,  and  so  that  the  “ A ” 
operator  may  be  signalled  in  on  to  the  connection  at  will 
by  either  subscriber. 

When  the  subscriber  5 calls  for  Long  Distance,  the  “A” 
operator  answering  his  line  places  the  calling  cord  of  the 
pair  she  is  using  in  any  idle  trunk  to  the  recording  board, 
thus  automatically  lighting  a signal  before  the  recording 


Fig.  4. 

“B”  Board 

operator  at  the  Long  Distance  office.  The  Long  Distance 
recorder  answers  with  an  inside  cord  of  her  pair  C"  and 
takes  the  subscriber’s  order  recording  it  on  the  ticket  pro- 
vided for  this  purpose.  As  soon  as  the  details  of  the  call 
have  been  secured  the  recorder  requests  the  party  to  hang 
up  his  receiver,  notifying  him  that  the  operator  will  call 
him.  She,  however,  holds  his  line  until  she  calls  it  back 
through  the  “E>”  board  in  the  same  way  the  “A”  operator 
in  the  previous  case  called  the  telephone  number  of  S's  tele- 
phone. Since  the  recorder  is  holding  the  subscriber’s  line, 
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the  “B”  operator  will  get  a busy  test  if  she  tests  the  line  be- 
fore completing  the  connection.  In  order  that  the  connec- 
tion may  be  put  up,  disregarding  the  busy  test,  the  recorder 
informs  the  “B”  operator  by  the  word  “without”  that  the 
call  is  to  be  completed  without  regard  to  the  busy  test.  She 
•places  the  number  of  the  trunk  on  which  the  subscriber  is 
being  held  on  her  ticket,  so  that  when  the  line  operator  re- 
ceives the  ticket  for  the  final  completion  of  the  call,  she 
may  pick  up  the  same  trunk  in  her  multiple,  thus  causing 
a disconnect  signal  to  fall  before  the  recording  operator 
notifying  her  that  the  line  operator  has  picked  up  that  trunk 
and  that  she  may  disconnect.  The  ticket  is  transmitted  from 
the  recording  board  to  the  line  board  in  the  larger  Long 
Distance  offices  by  means  of  pneumatic  tubes.  Each  record- 
ing operator  has  access  to  a tube  leading  from  her  position 
to  a distributing  room.  The  distributing  operator  has  be- 
fore her  a series  of  tubes  leading  to  each  section  of  line 
board  so  that  she  can  distribute  the  tickets  to  any  particular 
position  along  the  line  board.  In  this  way  a ticket  is  trans- 
ferred in  a very  few  seconds  from  the  recorder  to  the  line 
operator. 

Plate  No.  2,  Diagram  1,  shows  the  normal  relation  of 
the  four  types  of  board  used  in  the  completion  of  a Long 
Distance  call;  the  “A”  board  (A),  the  “B”  board  (B),  the 
recording  board  (Rec.)  and  the  line  board,  respectively. 
Diagram  No.  2 shows  the  subscriber  5 connected  with  the 
recording  operator  and  the  recording  operator  answering  the 
line.  Diagram  No.  3 shows  the  relation  of  the  offices  after 
the  recorder  has  called  back  the  subscriber’s  number  through 
the  “B”  board,  thereby  verifying  the  correctness  of  the  num- 
ber. Diagram  No.  4 shows  the  relation  of  the  offices  when 
the  connection  has  been  completed  through  the  line  board  to 
the  toll  line  desired. 

Needless  to  say  the  actual  circuits  in  use  are  very  com- 
plex and  relatively  sensitive.  The  diagramatic  sketches 
in  Plates  Nos.  1 and  2,  do  not  show  any  of  the  numerous 
relays,  retarding  coils,  condensers,  and  the  like,  which  make 
up  the  different  circuits  involved  on  the  switchboards  and 
the  subscribers’  lines.  While  this  phase  of  the  work  is 
taken  care  of  by  the  Maintenance  Department,  it  is  of  vital 
interest  to  the  traffic  man,  inasmuch  as  anything  which  tends 
to  retard  the  work  of  the  operators  affects  the  rapidity  of 
the  service  and  increases  the  cost  of  furnishing  the  service. 
In  case  of  storm  trouble  the  traffic  manager  must  neces- 
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sarily  be  thoroughly  acquainted  with  all  Toll  lines  in 
order  to  devise  emergency  routings  that  the  calls  at  hand 
may  be  completed  readily  with  as  little  loss  of  revenue  as 
possible. 

On  an  Express  call,  as  stated  above,  the  subscriber 
holds  his  receiver  until  the  call  is  completed.  This  requires 
a special  type  of  board  where  the  recorder  will  have  access 
to  the  toll  lines  and  be  able  to  complete  the  call  in  the  mini- 
mum length  of  time.  The  fundamental  principle  of  record- 
ing and  completing  the  call,  however,  is  the  same,  with  the 
exception  that  the  recording  operator  completes  the  call. 
It  may  be  stated  that  in  the  Chicago  territory  all  the  sub- 
scribers of  the  suburban  towns  have  their  names  listed  in 
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the  Chicago  directory  and  the  subscriber  calls  for  a sub- 
scriber of  one  of  these  towns  by  the  name  of  the  town  and 
the  number  of  the  telephone  rather  than  by  asking  for  Long 
Distance.  The  “A”  operator  has  two  sets  of  trunks,  one 
marked  Express  and  one  marked  Long  Distance.  It  is 
necessary  for  her  to  recognize  the  express  towns,  when 
they  are  called,  for,  and  connect  the  calling  party  with  the 
Express  recorder. 

The  growth  of  the  number  of  telephones  in  service  in 
the  Chicago  territory  approximate  2500  a month.  The  call- 
ing rate  (i.  e.,  the  number  of  Toll  calls  per  telephone)  re- 
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mains  approximately  constant.  This  rapid  growth  necessi- 
tates a very  careful  estimate  at  the  beginning  of  each  year 
of  the  force  for  the  coming  year  and  careful  revision  of  the 
figures  from  time  to  time  to  care  for  unusual  conditions  that 
might  arise  but  which  could  not  be  foreseen. 

The  busy  hours  of  the  day  are  from  nine  to  eleven 
o’clock  in  the  morning.  At  noon  the  traffic  falls  off  rapidly, 
picking  up  at  two  again  and  gradually  decreasing  until  six 
p.  m.  Between  seven  and  eight  p.  m.  there  is  a slight  peak 
and  then  follows  a gradual  decrease  until  eleven  o’clock. 
While  this  particular  summary  covers  the  traffic  of  only 
one  class  of  business,  it  is  typical  of  all  classes,  local  as  well 
as  Toll. 

In  considering  the  force  necessary  to  handle  any  traffic, 
it  is  necessary  to  figure  on  the  busy  hour,  for  obviously  if 
there  are  operators  sufficient  to  handle  the  busy  hour,  the 
rest  of  the  day  will  be  cared  for.  It  is  common  practice  to 
work  the  operating  forces  in  three  shifts ; day,  evening  and 
night.  The  day  force  is  based  upon  the  hour  nine  to  ten 
a.  m. ; the  evening  on  the  hour  seven  to  eight  or  six  to  seven, 
according  to  which  is  the  busy  hour,  and  the  night  force  to 
care  for  11-12  p.  m.  or  6-7  a.  m.  Each  day  operator  is  given 
one-half  an  hour  relief,  fifteen  minutes  in  the  morning  and 
fifteen  in  the  afternoon.  The  operators  also  get  one-half 
an  hour  for  lunch.  An  operator  works  only  six  days  a week, 
hence  it  is  necessary  to  arrange  a day  off  for  each  operator 
working  on  a Sunday.  The  normal  number  of  absentees 
must  be  accounted  for  as  well  as  those  on  furlough  and  on 
vacations.  After  the  force  is  figured  this  far  it  is  necessary 
to  estimate  the  number  of  probable  resignations  for  the 
dofiiing  months  and  plan  to  employ  students  far  enough  in 
advance  to  cover  these  resignations.  These  few  remarks 
will  give  the  reader  an  idea  of  the  factors  entering  into  the 
consideration  of  the  force. 

A lengthy  paper  could  be  written  dealing  with  the 
switchboard  alone.  Of  special  interest  are  the  busy  visuals 
used  in  connection  with  the  Toll  circuits.  Each  circuit  is 
multiplied  throughout  the  board.  In  order  to  save  a few 
seconds  time  on  the  part  of  the  operator  each  jack  has  asso- 
ciated with  it  a little  white  target  which  drops  whenever 
that  circuit  is  in  use  anywhere  along  the  board.  The  oper- 
ator can  tell  from  this  signal  whether  the  line  is  busy  or 
not  without  having  to  test  the  same  with  her  plug.  By 
means  of  transfer  keys  it  is  possible  to  throw  all  the  answer- 
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ing  lamp  signals  from  the  different  boards  into  a few  sec- 
tions for  night  work  thereby  reducing  the  number  of  oper- 
ators required.  The  system  in  use  at  Chicago  is  as  flexible 
as  one  could  wish,  allowing  the  transfer  of  signals  back  and 
forth  with  little  or  no  inconvenience. 

Each  set  of  cords  has  associated  with  it  three  keys,  one 
ringing,  one  “split”  key  and  a listening  key.  The  ringing 
key  throws  the  ringing  current  out  on  the  inside  cord  when 
the  key  is  pressed  towards  the  board  and  out  on  the  outside 
cord  when  pulled  away  from  the  board.  The  middle  key, 
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Toll  Board 


or  “split”  key,  splits  the  cord  circuit  so  that  the  operator 
can  listen  or  talk  on  either  cord  independently  of  the  other. 
The  listening  key  when  pressed  towards  the  board,  allows 
the  operator  to  talk  to  the  subscriber.  When  pulled  away 
from  the  board  she  can  listen  but  not  talk.  This  latter  pro- 
vision is  made  so  that  the  operator  may  supervise  the  con- 
nection without  cutting  down  the  transmission.  Provision 
is  made  so  that  service  supervisions  may  be  made  on  any 
operator’s  board  in  the  room.  A regular  “Service  Super- 
vision Department”  cares  for  most  of  this  work,  although 
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each  office  has  its  “Monitor,”  whose  duty  it  is  to  listen  to 
the  work  of  different  operators  and  criticise  and  help  them 
as  their  work  indicates  they  need  it. 

This  paper  has  only  roughly  pointed  out  a few  of  the 
many  problems  in  the  daily  routine  of  the  Traffic  Manager’s 
work.  It  is  a diverse  work,  bringing  up  many  different 
phases  continually;  ever  presenting  new  ideas.  The  Traffic 
Manager  has  to  deal  with  all  kinds  of  people,  has  to  know 
how  to  “handle”  his  force  and  his  subscribers.  His  work 
requires  a clear  mind,  logical  thought,  a good  idea  of  the 
fundamental  principles  of  business  in  order  that  he  may 
recognize  and  care  for  extraordinary  and  unusual  conditions 
of  all  kinds.  He  must  be  a man  who  is  broad-minded,  ready 
to  realize  that  his  department  must  work  in  conjunction  with 
the  other  departments  and  must  co-operate  with  those  with 
whom  it  has  dealings.  His  work  is  growing  daily ; he 
must  grow  with  it  or  drop  behind.  He  must  inspire  confi- 
dence in  his  forces  that  they  may  know  he  will  “be  square” 
with  them  at  all  times  and  with  his  employers  that  they  may 
know  he  is  always  “on  the  job”  and  that  the  best  interest  of 
the  company  is  his  interest.  The  telephone  traffic  man- 
ager’s position  is  indeed  one  of  the  most  diverse  and  at  the 
same  time  interesting  lines  of  work  a young  man  could 
follow. 
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INDIANAPOLIS  TRACK  ELEVATION  AESTHETIC 
DESIGN  OF  BRIDGES. 

Bennett  Kaminsky,  ’io 

The  difference  in  cost  and  trouble  between  an  ugly 
structure  and  an  attractive  one  is  very  little.  In  the  pres- 
ent track  elevation  project,  the  site  of  which  is  in  the  heart 
of  the  city,  it  is  certainly  fitting  that  the  structures  should 
be  of  inviting  appearance.  An  ugly  bridge  is  something 
that  cannot  usually  be  remedied  after  once  built.  When 
the  Indianapolis  Southern  gained  entrance  into  the  city 
several  years  ago,  it  was  required  to  elevate  its  tracks  within 
the  city  limits,  but  no  restrictions  were  made  as  to  the  char- 
acter of  the  bridges.  As  a result,  a string  of  ugly  through- 
plate-girder  bridges  have  been  saddled  upon  the  south- 
western part  of  the  city. 

The  Indianapolis  Union  Railway  Co.  has  made  an 
earnest  effort  towards  improving  the  appearance  of  its 
bridges.  An  architectural  firm  was  retained  to  design  the 
portal  of  the  bridge  over  East  Washington  street.  In  this 
bridge  (Eig.  i)  the  parapet  extends  from  the  clearance  line 
to  about  three  feet  above  the  rail.  The  end  columns  are 
encased  in  concrete,  monolithic  with  the  parapet.  In  ad- 
dition, a design  of  red  and  blue  Moravian  tile  was  worked 
into  the  concrete  to  relieve  the  color  monotony.  The  whole 
gives  a sturdy  appearance  together  with  a pleasing  effect. 
On  the  other  bridges  mentioned  above,  one  of  which  is 
illustrated  herewith,  Eig.  2,  the  columns  are  not  en- 
cased, and  there  are  no  balustrades,  giving  the  bridges  a 
very  flimsy  appearance.  In  addition,  they  show  the  usual 
defect  of  concrete  work — bad  discoloration.  The  portals 
of  the  East  Washington  street  bridge  were  constructed 
under  a separate  contract,  and  this  work  was  done  after 
the  rest  of  the  bridge  was  erected.  The  following  is  an 
extract  from  the  specifications  for  this  work: 

“The  aggregate  will  be  fine  washed  river 
gravel  and  must  pass  a screen  of  three  meshes  to 
the  lineal  inch  and  be  held  on  a screen  of  four 

meshes  to  the  lineal  inch The  proportions  will 

be  one  part  cement,  two  parts  sand,  and  four  parts 
gravel In  order  to  secure  a proper  color  con- 
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trast  between  the  finished  concrete  and  the  Mora- 
vian tile  and  also  to  harmonize  with  the  concrete 
abutments,  gravel  and  sand  will  be  selected  of 
a warm  buff  color.  After  the  forms  have  been 
removed,  the  exposed  concrete  surfaces  will  be 
finished  by  first  rubbing  down  with  emery  bricks, 
so  as  to  remove  all  form  marks  or  other  inequali- 
ties, and  expose  the  aggregate.  The  surfaces  will 
then  be  thoroughly  washed  down  with  hydro- 
chloric acid  diluted  with  water.  The  Moravian 


Fig.  1. 

Washington  Street  Bridge. 


tile  will  be  set  in  recesses  left  for  them  in  the 
concrete  after  the  surfaces  of  the  concrete  have 
been  finished.  The  tile  will  be  thoroughly  moist- 
ened before  setting  and  a mortar  composed  of  one 
part  sand  and  two  parts  Portland  cement  will  be 
used  for  setting  the  tile.  The  sand  must  be  sharp 
and  clean,  and  must  pass  a screen  of  six  meshes 
to  the  lineal  inch.” 

An  inspection  of  this  bridge,  or  even  the  accompanying 
illustration,  emphasizes  the  fact  that  favorable  results  can 
be  obtained  by  the  exercise  of  a little  more  than  the  ordi- 
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nary  care  in  concrete  work.  The  abutments  and  wing  walls 
are  “railroad  concrete” — just  ordinary  good  I :2  14  concrete 
with  a rich  mix  on  the  face.  Note  the  discoloration  and 
the  unevenness  of  surface.  The  portal,  however,  is  free 
from  such  defects.  The  surface  treatment  seems  to  have 
given  good  results.  The  grinding-down  process  caused 
comparatively  large  and  bright  surfaces  of  the  aggregate 
to  be  exposed,  giving  a granite-like  effect. 

The  first  consideration  in  aesthetic  design,  of  course, 
is  the  type  of  bridge,  and  in  this  connection,  there  are  some 
practical  things  to  be  observed.  In  the  Indianapolis  work, 
all  of  the  bridges  will  be  of  the  subway  type,  i.  e.,  tracks 
overhead  and  street  underneath.  A clear  span  is  desirable 
but  not  necessary.  A uniform  clearance  over  the  roadway 
but  not  necessarily  including  the  sidewalks  is  desirable. 
The  bridge  must  have  a solid  floor:  (1)  To  prevent  drip- 
pngs  upon  pedestrians,  and  (2)  To  eliminate  noise  and  jar- 
ring sensation.  Furthermore  the  type  of  bridge  must  per- 
mit of  aesthetic  treatment.  For  instance,  a through  truss 
bridge  looks  out  of  place  at  a crossing  within  the  city  limits. 
The  types  of  bridges  usually  employed  in  city  grade  separa- 
tion work  are;  (1)  arches,  (2)  clear  span,  solid  floor  girder 
types,  and  (3)  solid  floor  short  span  types,  i.  e.,  with 
columns  in  the  street. 

For  attractiveness,  the  arch  has  preference.  An  engi- 
neer will  have  to  mistreat  his  arch  design  very  severely 
before  he  will  overcome  its  inherent  qualities  of  attractive- 
ness. Designers  often  desire  to  incorporate  slightly  arched 
effects  in  vertical  reaction  bridges,  and  often  they  meta- 
morphose such  a bridge  entirely  into  an  arch.  Sometimes 
local  conditions  combined  with  a desire  for  an  attractive 
bridge  will  excuse  the  practice  of  concealing  the  actual 
character  of  a structure.  In  grade  separation  work,  for 
obvious  reasons,  it  is  always  desirable  to  build  a bridge  in 
as  short  a time  as  possible.  The  arch  takes  longer  than  any 
other  type  of  bridge  to  build.  Besides,  the  centering  for 
the  arch  obstructs  highway  traffic  for  a long  time.  On  the 
other  hand,  a plate  girder  bridge  can  be  erected  and  tracks 
thrown  across  it  with  remarkable  celerity.  If  an  arch  ef- 
fect is  desired,  it  can  be  constructed  later,  with  the  steel 
work  as  a base.  The  Cleveland  Short  Tine  Ry.  runs  on  an 
elevated  grade  through  the  residential  part  of  that  city.  It 
was  accordingly  thought  desirable  to  make  the  bridges  over 
the  various  streets  as  attractive  as  possible.  Highly  satis- 
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factory  results  were  obtained  by  encasing  the  steel  work 
in  concrete  and  creating  arched  effects.  The  East  Boule- 
vard bridge  appears  to  be  a concrete  arch  but  actually  it 
is  a plate  girder  structure.  In  the  Indianapolis  track  eleva- 
tion work,  on  account  of  the  desire  to  obtain  as  great  a 
clearance  as  possible,  the  arch  or  pseudo-arch  is  practically 
eliminated. 

The  chief  advantage  of  the  plate  girder  bridge  lies  in 
the  fact  that  a clear  span  of  uniform  clearance  can  be  ob- 
tained. On  account  of  limited  clearances,  if  plate  girders 


New  York  Street  Bridge. 

are  used  anywhere  at  all,  they  must  necessarily  be  through- 
girders.  Wherever  more  than  two  tracks  cross  a bridge, 
at  least  three  girders  must  be  used,  which  will  necessitate 
spreading  the  tracks  apart  over  the  bridge.  Now  if  there 
is  anything  that  the  railroad  engineer  will  go  to  extremes 
to  avoid  it  is  a jog  in  the  alignment  of  his  track.  In  the 
Indianapolis  work,  the  bridges  will  be  so  close  together 
that  such  “jogs”  cannot  be  used,  but  on  the  other  hand 
would  call  for  a continuous  excess  spacing  of  the  tracks, 
and  this  of  course  is  out  of  the  question.  At  none  of  the 
principal  bridges  in  the  Indianapolis  work  will  there  be  less 
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than  four  tracks,  so,  in  view  of  what  has  just  been  said, 
the  clear  span  plate  girder  bridge  cannot  be  considered  at  all. 

It  is  practically  certain  that  nearly  all  of  the  bridges 
in  the  Indianapolis  work  will  be  of  the  solid  trough  floor 
type  with  columns  in  the  street.  It  is  also  quite  certain 
that  the  material  used  in  the  bridges  will  be  steel  and  con- 
crete. It  is  to  be  regretted  that  the  railroads  cannot  find  it 
possible  to  extend  their  liberality  in  construction  work  a 
little  further  and  use  for  ornamental  purposes  some  other 
material  besides  concrete.  Stone  is  to  be  preferred  by  all 
means,  as  positive  results  can  be  assured  with  that  material. 
With  concrete,  on  the  other  hand,  there  is  a great  element 
of  uncertainty  to  contend  with.  Having  given  the  type  of 
bridge  and  material,  the  problem  will  be  to  make  the  most 
of  the  situation. 

In  discussing  the  proposed  Indianapolis  track  elevation 
bridges  with  interested  people,  the  writer  has  encountered 
a remarkable  divergence  of  opinion  as  to  how  concrete 
work  can  be  made  attractive.  Apparently  the 'only  thing 
they  agree  on  is  that  the  surface  of  the  concrete  should  be 
well  broken  up  to  give  a light  and  shadow  effect.  As  to 
other  details,  there  seems  to  be  a great  variety  in  taste. 

Regarding  color,  the  writer  has  always  had  a prefer- 
ence for  whitish  concrete,  the  whiter,  the  better.  A white 
concrete  structure  seems  to  enliven  the  surroundings,  and 
if  the  material  is  properly  mixed  and  poured,  the  danger  of 
discoloration  is  reduced  to  a minimum.  Many  people  ap- 
parently think  differently.  They  want  a concrete  of  a dull, 
dark  color,  or,  “natural  color  of  cement”  as  they  term  it. 
Still  others  desire  an  artificial  coloring  in  concrete.  In  this 
connection,  it  might  be  of  interest  to  refer  to  the  tests  made 
by  the  Pittsburg  Bureau  of  Construction  where  brick  dust 
was  used  instead  of  sand  and  gravel  for  aggregate.  Ex- 
cellent results  are  reported,  the  concrete  having  the  appear- 
ance of  red  sandstone. 

Surface  finish  also  calls  forth  a variety  of  opinions. 
Either  a tooled  surface  or  a surface  that  is  ground  down 
after  removal  of  forms  seems  to  be  desired  by  many.  It 
adds  about  one  to  three  per  cent  to  the  cost  of  the  work, 
but  when  properly  executed,  even  though  it  does  nothing 
else  but  remove  all  inequalities  due  to  forms,  the  extra  cost 
is  well  worth  while.  In  certain  panels  in  the  Larimer  Ave. 
arch,  Pittsburgh,  Pa.,  the  concrete  was  not  spaded  back 
from  the  face  as  is  usually  done,  but  on  the  contrary,  large 
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pebbles  were  allowed  to  come  in  contact  with  the  forms. 
After  the  removal  of  the  latter,  the  surface  was  bush-ham- 
mered, and  in  this  process  large  sparkling  surfaces  of  peb- 
bles were  exposed,  giving  a pleasing  mosaic  effects.  The 
writer,  however,  has  encountered  a persistent  prejudice 
against  tooled  or  ground  surfaces.  In  more  than  one  in- 
stance a desire  for  concrete  showing  the  board  marks  of 
the  forms  has  been  expressed.  Such  a surface  is  about  as 
attractive  as  a board  fence  or  the  side  of  an  unpainted  barn. 

The  most  interesting  divergence  of  opinion  is  in  regard 
to  the  use  of  colored  tile,  and  the  basis  of  all  arguments  is 
the  East  Washington  street  bridge  previously  discussed. 
The  Moravian  tile  design  was  adopted  at  the  personal  in- 
stance of  an  eminent  engineer  and  architect. 

Many  persons  criticise  the  combination  severely.  In 
one  instance  the  criticism  of  the  bridge  being:  “It  looks 
like  a mud-house  with  pieces  of  colored  glass  stuck  in  it.” 
No  doubt  some  of  the  unfavorable  comments  were  inspired 
by  the  cost  of  the  tile.  It  is  undoubtedly  true  that  the  use 
of  the  tile,  even  if  the  design  is  open  to  criticism,  has  proved 
effective  in  providing  a color  contrast  and  relieving  the  dull 
tone  of  the  concrete.  The  universal  fault  with  ordinary 
concrete  work  is  its  monotonous  color,  and  the  colored  tile 
in  the  East  Washington  Street  bridge,  in  spite  of  the  crit- 
icism heaped  upon  it,  has  demonstrated  its  possibilities  in 
future  work. 
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A REVIEW  OF  ELECTRIC  WELDING  PROCESSES. 

J.  E.  Teal,  ’09 

The  art  of  welding  iron  is  probably  as  old  as  the  earli- 
est production  of  that  metal  by  man,  for  in  fact  the  reduc- 
tion of  iron  demands  the  welding  of  the  particles.  Nearly 
pure  iron  is  difficult  to  melt,  but  at  high  temperatures  it 
becomes  quite  plastic.  The  black  scale,  iron  oxide  or  iron 
rust,  melts  long  before  the  metal  itself  becomes  fluid.  In 
the  process  of  union,  this  scale  is  a convenient  flux  which 
may  be  squeezed  out  under  pressure.  These  facts  account 
for  the  unique  position  iron  has  held  until  recent  years. 

With  the  introduction  of  the  electric  current  as  the 
source  of  energy  for  supplying  the  heat,  very  few  metals  or 
alloys  remain  which  cannot  be  welded.  During  recent  years 
the  extension  of  the  application  of  electric  welding  has  been 
steady,  and  each  year  has  witnessed  its  entrance  into  new 
fields.  In  its  simplest  form,  the  necessary  apparatus  for 
electric  welding  consists  of  a special  transformer,  the  pri- 
mary circuit  of  which  receives  current  at  from  one  to  five 
hundred  volts.  The  secondary  circuit  consists  of  a single 
turn,  generally,  of  a large  cross-sectional  area  in  order  that 
a large  current  may  be  developed  at  a low  voltage. 

The  electric  welding  system  which  permitted  the  most 
delicate  adjustment  and  the  highest  speed  and  efficiency  up 
to  1885  was  that  invented  by  Professor  Elihu  Thomson. 
The  principle  involved  may  be  described  as  that  of  causing 
a heavy  current  to  pass  across  the  abutting  ends  of  the 
metal  to  be  welded,  which  action  would  develop  heat  at  the 
point  of  contact  on  account  of  the  high  resistance  offered  to 
the  flow  of  current.  Mechanical  pressure  was  applied  to 
force  the  ends  together  while  the  current  was  flowing.  As 
the  parts  of  the  metal  at  the  junction  became  heated  to  the 
welding  temperature,  the  pressure  “followed  up”  the  soften- 
ing surface  until  a complete  weld  was  obtained.  As  the  heat 
was  generated  in  the  interior  first,  the  interior  of  the  parts 
was  as  efficiently  welded  as  the  visible  surface.  Professor 
Thomson’s  method  differs  from  the  so-called  arc  processes 
in  that  he  employed  the  resistance  of  the  metal  as  the  means 
of  generating  the  heat  in  place  of  using  other  resisting 
mediums. 
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The  following  examples  serve  to  show  the  many  appli- 
cations of  electric  welding  in  the  industries.  In  the  wagon 
and  carriage  manufacture,  the  process  is  applied  to  the  pro- 
duction of  tires,  axles,  spoke  bands,  and  sand  bands.  It 
finds  extended  use  in  manufacturing  tools,  in  the  wire  in- 
dustry, and  in  pipe  bending  and  coiling.  Hundreds  of  miles 
of  street  railway  rails  have  been  welded  into  continuous 
lengths.  Longitudinal  seams  of  steel  tubing  are  electrically 
welded.  The  operation  of  welding  hollow  steel  handles  on 
cutlery  by  electricity  is  remarkable  for  the  celerity  and  neat- 
ness of  the  work.  Automatic  electric  welding  machines  have 
been  perfected  for  the  making  of  mesh  wire  fencing  and 
link  chains. 

In  the  year  1892,  the  Johnson  Company  reorganized  a 
department  for  the  purpose  of  developing  electric  welding. 
In  1895,  the  company  welded  about  fifty  miles  of  street  rail- 
way track  under  varying  conditions,  principally  in  the  streets 
of  Boston,  Cleveland,  Brooklyn,  Johnstown,  Detroit,  and 
St.  Louis.  The  following  winter  some  breaks  developed, 
which,  upon  investigation,  were  proved  to  have  been  caused 
by  the  poor  condition  of  the  track  and  by  the  overheating  of 
the  metal.  During  the  years  1895,  1896,  and  1897,  more 
experiments  were  carried  on  and  empirical  laws  were  devel- 
oped which  were  found  to  govern  electric  welding  in  such 
a manner  that  a homogeneous  weld  could  be  obtained  with- 
out physical  deterioration  of  the  steel.  Technically,  atten- 
tion was  directed  to  uniformity  of  work,  speed  of  work,  use 
of  minimum  amount  of  current,  and  the  removal  of  the 
minimum  amount  of  material  at  the  rail  joints.  Commer- 
cially, attention  was  directed  to  the  reduction  of  cost  of 
welding,  and  the  securing  of  reliable  results. 

In  comparing  electric  welding  with  forge  fire  welding, 
it  is  not  necessary  to  bring  the  metal  to  a melting  tempera- 
ture with  the  electric  process.  The  heat  is  applied  from  the 
inside  instead  of  from  the  outside  as  with  the  forge.  Also 
in  using  the  electric  current  all  the  heat  generated  is  applied 
to  the  metal,  while  only  a part  can  be  applied  in  the  forge 
method.  Non-ferrous  metals  can  be  welded  as  well  as  the 
iron  products,  whereas  with  the  forge,  it  is  possible  to  weld 
only  iron  and  steel  successfully. 

The  advantages  of  electric  welding  are  numerous.  The 
metal  is  visible  at  all  times  and  can  be  watched  while  it  is 
being  heated.  The  temperature  can  be  maintained  at  any 
point  desired  for  any  length  of  time,  and  any  degree  of  heat 


io8  Purdue  Engineering  Review 

can  be  obtained  up  to  the  melting  point,  so  that  the  power  is 
economically  used.  No  fluxes  are  necessary,  but  may  be 
judiciously  used  in  some  cases.  The  hotter  the  metal  be- 
comes the  greater  is  its  resistance  to  the  flow  of  the  cur- 
rent. Very  little  waste  of  the  material  is  required  in  the 
upsetting  of  the  metal.  The  center  of  the  metal  is  as  per- 
fect as  is  the  outside.  The  operator  is  in  no  danger  from 
electric  shock.  Tittle  time  is  required  in  making  the  weld. 
The  process  makes  very  little  dust  or  smoke.  The  finished 
weld  is  nearly  as  homogeneous  as  the  original  metal. 
No  fumes  are  given  off.  The  process  can  be  made 
automatic.  Flaws  in  the  material  can  be  easily  discovered. 
The  process  can  be  applied  to  many  metals.  Repair  work 
can  be  done  with  great  efficiency. 

There  are  two  electrical  processes  used  in  welding 
metals,  namely,  the  arc  and  the  resistance  methods.  The 
arc  process  is  used  extensively  in  repair  work  of  all  kinds. 
The  resistance  method  is  better  adapted  to  industrial  pur- 
poses and  is  embodied  in  all  types  of  welding  machines. 
Such  machines  have  been  made  to  work  automatically, 
semi-automatically,  by  power,  or  by  hand  as  the  conditions 
required.  Three  types  of  welding  are  done  by  machines, 
namely,  butt  welding,  spot  welding,  and  lap  welding.  Butt 
welding  machines  are  constructed  to  press  the  work  together 
between  jaws  which  form  the  electrical  terminals.  One  of 
the  two  clamps  is  removable,  and  may  be  either  automatic 
or  hand  operated.  The  jaws  or  clamps  are  shaped  to  con- 
form with  the  work.  Three  to  sixty  seconds  are  required 
to  bring  the  work  up  to  the  welding  heat,  and  then  the  jaws 
are  pressed  together  and  the  current  switched  off.  The 
weld  is  made  so  quickly  that  the  automatic  trip  for  throw- 
ing out  the  switch  is  a much  desired  device  for  saving  in 
current  consumption.  If  the  current  is  turned  off  too  soon, 
the  weld  will  break  easily,  and  if  not  soon  enough,  a large 
fin  will  form  around  the  work  which  necessitates  extra 
work  later. 

The  cost  of  making  butt  welds  on  round  iron  or  steel 
from  a quarter  to  two  inches  in  diameter  with  the  cost  of 
current  at  five  cents  per  kilowatt  hour  and  including  labor, 
is  shown  in  the  following  table. 
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Round  iron 
diameter 

Area 

Kw. 

Seconds  to 

Cost  per 
1000  welds 

in  inches 

sq.  in. 

used 

make  weld 

5c  per  kw. 

H 

0-5 

5 

5 

$ 0.35 

H 

O.II 

7y 

6 

0.65 

0.20 

8 

10 

1. 10 

Vs 

0.31 

10 

12 

1.65 

V 

0.44 

12 

i5 

2.50 

Vs 

0.60 

15 

20 

4-i5 

I 

0.79 

18 

30 

7-50 

i it 

0.99 

20 

30 

8.30 

iVa 

1.23 

26 

40 

1445 

iV 

§77 

40 

60 

33-35 

Wa 

2.41 

45 

70 

43-75 

2 

3-14 

56 

80 

62.20 

In  spot  welding,  point  shaped  electrodes  press  the 
pieces  of  work  together  between  them.  Spot  welding  ma- 
chines are  generally  used  to  weld  full  sections.  They  are 
designed  chiefly  to  join  sheets  in  spots  as  is  done  by  rivets, 
and  the  electrodes  are  shaped  in  accordance  with  the  special 
work  that  is  to  be  done.  Owing  to  the  small  travel  of  the 
electrodes,  the  machines  are  usually  hand  operated.  Spot 
welding  is  very  useful  in  replacing  some  classes  of  riveted 
work,  as  two  or  more  thicknesses  of  metal  can  be  fused 
together  and  be  stronger  than  when  riveted  together.  In 
an  experiment,  four  spot  welds  withstood  a pulling  strain 
of  7800  pounds  before  breaking. 

Seamless  welding  machines  are  employed  where  water 
tight  joints  are  to  be  made.  In  this  type  of  welding,  the 
travel  of  the  work  is  so  slow  that  a continuous  weld  is  made. 
The  electrodes,  as  in  the  other  machines,  press  the  work  to- 
gether and  effect  the  weld  at  the  point  of  the  greatest  pres- 
sure. In  lap  welding,  a revolving  disc  electrode  passes  over 
the  seam  to  heat  the  metal  to  a welding  heat,  and  at  the 
same  time  presses  the  sheets  together  so  that  no  shoulder 
or  other  imperfection  is  left.  This  process  leaves  the  welded 
joint  practically  the  same  thickness  as  the  original  sheet  and 
only  an  experienced  person  can  detect  the  weld. 

By  the  improved  process  of  electric  welding,  the  John 
Wood  Manufacturing  Company,  of  Conshohocken,  Pa., 
turns  out  from  eight  hundred  to  one  thousand  bath  boilers 
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every  twenty-four  hours.  Plates  are  rolled  into  cylindrical 
form,  and  passed  through  the  sand  blasting  room  where  the 
scale  is  removed  for  about  an  inch  and  a half  back  on  either 
side  of  the  seam  to  be  welded.  Two  modified  Thomson 
welding  machines  are  used.  Current  is  furnished  by  two 
60  kw.  alternating  current  generators  which  deliver  cur- 
rent to  the  primary  circuit  at  from  two  hundred  fifty  to 
three  hundred  fifty  volts.  About  one  minute  is  required  in 
passing  the  shell  through  the  machine,  and  about  twenty-two 
seconds  for  the  actual  welding. 

The  current  used  in  the  Thomson  machines  is  a single 
phase  alternating  current  of  any  frequency.  The  voltage  is 
generally  stepped  down  to  from  two  to  six  volts,  while  the 
ampereage  depends  entirely  upon  the  work  to  be  performed. 
The  current  runs  into  thousands  of  amperes  with  some 
work,  but  the  low  voltage  at  the  electrodes  eliminates  danger 
to  the  operator. 

The  following  figures  show  the  energy  that  is  required 
for  various  work  done  by  the  Thomson  machine : 


Round  Steed  Rods. 
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The  time  and  current  used  in  welding  copper  and  iron 
pipe  are  given  in  the  following  tables : 
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Time  and  Current  Used  in  Weeding  Copper. 


Area 

Time  in 

Kw. 

sq.  in. 
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transmitted 

0.125 

8 
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0.250 

1 1 

i7-5 

0-375 

13 

24.0 
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16 

3i-5 

0.625 

18 
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21 
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22 
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1. 000 

23 
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Time  and  Current  Used  in  Weeding  Heavy  Iron  Pipe. 
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Numerous  types  of  work  and  many  different  kinds  of 
metals  have  been  welded  by  electricity.  Special  appliances 
can  be  placed  on  all  machines  which  will  handle  all  shapes 
and  sizes  of  work.  The  following  list  shows  the  various 
metals  and  combinations  of  metals  which  have  been  success- 
fully welded  by  electricity : 

Pure  Metaes. 

Iron  Lead  Nickel  Magnesium  Aluminum 

Copper  Bismuth  Tin  Cobalt  Platinum 

Antimony  Manganese  Silver  Gold  Zinc 

Aeeoys  oe  Metaes. 

All  kinds  of  steel,  brass,  bronze,  and  aluminum ; various 
grades  of  iron ; gun  metal ; type  metal ; fuse  metal ; solder 
metal  ; and  coin  silver. 


1 12  Purdue  Engineering  Review 

Combinations. 


Brass 

Steel 

Copper  to 

Iron 

Brass 

Silver 

Wrought  Iron 

to  Silver 

Gold 

Nickel 
Cast  Iron 

Iron 

Silver 

Silver 

Brass  to 

Tin 

Gold  to 

Platinum 

Copper 

Steel 

Nickel 

Nickel 

Platinum 

Copper 

Zinc 

Silver  to 

Gold 

Tin  to 

Brass 

Brass 

Lead 

Wrought  Iron 

Arc  welding  was  used  as  far  back  as  1885.  In  this 
system  the  negative  pole  of  a circuit  carrying  current  capa- 
ble of  maintaining  an  arc  was  connected  to  a piece  of  work 
which  required  welding.  The  positive  pole  or  terminal  con- 
sisted of  a carbon  or  metallic  rod  held  in  a suitable  insulated 
handle.  Arc  welding  is  a process  of  fusion  and  is  adapted 
to  a variety  of  uses.  The  method  has  been  greatly  improved 
since  its  first  introduction,  and  possesses  some  advantages 
over  the  resistance  method  in  certain  classes  of  repair  work. 
However  these  advantages  do  not  entirely  compensate  for 
the  disadvantages.  Much  heat  is  lost  by  radiation ; skilled 
operators  are  required;  there  is  considerable  danger  to  the 
workman ; the  process  is  slow  and  the  results  are  uncertain. 
For  satisfactory  results,  an  arc  of  two  or  three  inches  in 
length  must  be  maintained,  and  a current  of  150  to  500  am- 
peres at  a voltage  of  150  must  be  used. 

The  arc  welding  process  may  be  divided  into  three 
classes.  There  are  the  Zerener,  the  Benardos,  and  the  Slavi- 
anoss  methods.  In  the  Zerener  process,  an  arc  is  first  drawn 
between  two  carbons.  By  means  of  a magnet,  the  arc  is 
directed  upon  the  metal  to  be  welded,  which  is  brought  to 
the  fusing  temperature  at  the  point  of  contact  with  the  arc. 
On  account  of  the  inefficiency  of  regulating  the  arc,  and 
owing  to  the  construction  of  the  apparatus,  this  process  is 
quite  limited.  In  the  Benardos  process,  the  metal  to  be 
welded  is  made  one  terminal  of  a direct  current.  The  other 
terminal  is  formed  by  a carbon  or  metallic  rod.  An  arc 
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is  drawn  between  the  terminals  and  a temperature  of  from 
3500  to  4000  degrees  Centigrade  is  obtained.  If  the  metal 
is  used  as  the  negative  electrode,  only  a short  arc  can  be 
maintained,  but  by  reversing  the  current,  a longer  arc  is 
formed,  and  the  carbon  troubles  affecting  the  hardness  of 
the  metal  are  largely  eliminated.  Operators  are  required 
to  wear  colored  glass  plates  to  protect  their  eyes  on  account 
of  the  brilliant  arc  rays.  As  the  different  welds  require 
different  strengths  of  current,  a resistance  control  is  used  in 
the  main  circuit.  A very  good  flux  for  wrought  iron,  cast 
iron,  and  malleable  iron,  and  steel  of  all  kinds,  consists  of  a 
mixture  of  fifteen  to  twenty-five  per  cent  of  red  oxide  of 
iron  (Fe2  Os)  and  eighty-five  to  seventy-five  per  cent  of 
borax  (Na2  Bo4  07)  (H2  0)5.  The  theory  is  that  the  car- 
bon from  the  carbon  electrode  will  unite  with  the  oxygen 
in  the  flux  to  form  carbonic  acid  gas  (CO),  leaving  pure 
iron.  The  borax  tends  to  prevent  oxidation  by  excluding 
the  air.  Material  of  the  same  kind  which  is  to  be  welded 
is  generally  used  as  filler — scrap  iron  or  filings.  The  fol- 
lowing precautions  should  be  taken  in  making  a weld  by 
the  Benardos  process : The  positive  terminal  should  be 

fastened  to  the  metal ; the  arc  should  be  as  long  as  possible ; 
the  weld  should  be  made  with  the  fewest  applications  of  the 
arc ; the  arc  should  be  given  a rotary  motion  by  the  hand ; 
the  metal  to  be  welded  should  be  free  from  dirt  and  slag; 
and  a suitable  flux  should  be  used  judiciously. 

The  Slavianoss  process  uses  the  metal  electrode  instead 
of  the  carbon,  and  is,  in  general,  the  same  as  the  Benardos. 
For  welding  iron  and  steel,  the  electrode  should  be  the  best 
grade  of  soft  iron  from  three-sixteenths  to  one-quarter  of 
an  inch  in  diameter,  and  should  be  covered  with  a suitable 
paste  of  flux.  A flux  used  by  the  Westinghouse  Electric 
Company  gives  good  results.  It  consists  of  five  per  cent  of 
oxide  of  copper  (Cu  O),  fifteen  per  cent  of  manganese  ox- 
ide (Mn  02),  thirty  per  cent  of  oxide  of  iron  (Fe2  Os),  and 
fifty  per  cent  of  borax  (Na2  Bo4  07)  (H2  0)5.  A direct 
current  of  about  one  .hundred  thirty  amperes  at  twenty-four 
to  twenty-six  volts  directly  across  the  arcs  is  found  to  give 
the  best  results  with  this  process. 
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A MODERN  HYDRO  ELECTRIC  PLANT. 

M.  H.  Frank,  T2. 

The  Hydro-electric  plant  that  is  being  installed  in  the 
St.  Joe  River  at  Elkhart,  Indiana,  is  generally  accepted  as 
embodying  the  very  latest  ideas  and  principles  in  reinforced 
concrete  dams  and  power  houses  and  in  generating  equip- 
ment. 

The  dam  is  of  the  Tainter  gate  type  300  feet  wide, 
made  up  of  eleven  gates,  as  shown  below,  each  25  feet 
wide  and  allowing  2.5  feet  for  each  of  the  10  piers  which 
support  the  gates  and  runway. 


Fig.  1. 


Tainter  Gate:  Dam  Power  House  to  Right. 

As  can  be  seen  in  cut  the  gates  are  parts  of  perfect 
metal  cylinders  and  revolve  about  their  own  centers.  They 
are  operated  by  means  of  an  electric  crab  on  the  overhead 
runway.  By  means  of  these  gates  it  is  possible  to  hold 
the  headwater  to  within  twelve  inches  variation  the  year 
around.  As  there  is  8.5  feet  of  water  over  the  weirs  on 
which  the  gates  rest  when  down  it  will  be  necessary  in  time 
of  low  water  to  have  the  gates  dropped  clear  down,  thus 
making  all  of  the  water  pass  through  the  power  house, 
while  in  time  of  flood  or  high  water  all  the  gates  may  be 
raised  entirely  up,  thus  allowing  a section  275'x8-5'  to  carry 
the  water  not  taken  through  the  power  house.  This  will 
take  care  of  a flood  much  larger  than  has  ever  been  re- 
corded. As  the  gates  revolve  about  their  own  centers,  the 
friction  loss  is  very  small  and  a 5 H.  P.  motor  will  raise 
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a gate  10  feet  in  20  minutes.  In  order  to  'be  able  to  oper- 
ate the  gates  in  freezing  weather  steam  chambers  are  pro- 
vided for  the  three  center  gates,  both  on  the  piers  and  on 
the  gates.  When  it  is  desired  to  raise  or  lower  a gate  live 
steam  is  turned  into  the  chambers  from  the  heating  plant  in 
the  power  house. 

The  power  house  is  on  the  left  side  of  the  dam,  the 
last  pier  for  the  dam  being  extended  upstream  to  form  one 
wall  of  the  power  house  and  penstocks  and  downstream  to 
form  the  tail  race  wall.  The  building  is  constructed  of  re- 
inforced concrete  throughout  to  about  5 feet  above  the 
water  line,  then  finished  with  red  hydraulic  brick  and 
roofed  with  cinder  concrete  covered  with  green  tile. 

Three  22  foot  and  one  10  foot  exciter  penstocks  are 
separated  bv  2.5  foot  walls,  these  penstocks  are  equipped 
with  Tainter  gates  and  are  the  first  ever  constructed.  The 
advantage  is  that  in  case  of  any  trouble  with  the  turbines 
or  governor  all  that  is  necessary  is  to  lower  the  gate,  open 
a drain  valve  and  in  a few  minutes  the  penstock  will  be  a 
dry  room.  These  gates  are  operated  by  an  electric  crab 
the  same  as  on  the  dam,  the  gates  being  a little  narrower 
but  higher,  holding  a 16  foot  lead. 

A horizontal  line-shaft  lengthwise  of  each  penstock 
driven  by  two  tandem  50-inch  Samson  turbines,  passes 
through  the  back  wall  of  the  penstock  and  is  direct  con- 
nected to  the  generator.  The  two  draft  tubes  were  built 
with  the  centers  on  line  of  the  shaft  at  the  top  but  the  front 
elbow  is  turned  slightly  to  the  right,  and  back  or  down- 
stream elbow  slightly  to  the  left,  so  that  they  enter  the 
tailrace  parallel  separated  by  a two  foot  wall.  A smooth 
surface  on  the  concrete  and  the  proper  increase  in  size  to 
lower  friction  loss  and  velocity  respectively  was  obtained 
by  building  wooden  sections,  then  lathing  the  sections, 
thus  forming  a perfect  elbow.  These  were  placed  in  exact 
position,  plastered  and  enameled,  then  the  concrete  was 
carefully  placed  around  them,  and  the  result  is  a very 
smooth  surface  of  exact  size. 

The  generating  equipment  consists  of  3 1000  K.  W., 
4000  volt,  60  cycle,  120  R.  P.  M.  alternators  and  a 100 
K.  W.,  125  volt,  250  R.  P.  M.  D.  C.  generator  in  the  exciter 
or  10  foot  penstock.  These  generators  are  furnished  by 
the  Westinghouse  Electric  Co.  but  installed  by  the  operating 
company. 
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Complete  plans  are  made  to  run  a very  elaborate  and 
accurate  test  on  the  entire  plant  as  soon  as  it  is  put  into 
operation.  A testing  weir  is  being  constructed  across  the 
tailrace  about  175  feet  below  the  power  house  for  this 
purpose.  The  weir  is  made  of  timber  gates  covered  with 
canvas  and  supported  by  “H”  columns  set  in  concrete.  By 
means  of  this  weir  the  exact  amount  of  water  passing 
through  the  wheels  may  be  obtained.  This  data,  together 
with  the  output  from  the  generators,  will  give  the  efficiency, 
Throughout  the  construction  the  main  object  has  been 
to  have  a permanent  structure  with  a very  high  efficiency, 
and  there  is  no  doubt  but  that  this  plant  will  be  one  of 
the  most  efficient  as  well  as  one  of  the  most  modern  plants 
in  operation. 
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DISINFECTION  OF  PUBLIC  WATER  SUPPLIES 

C.  A.  Jennings,  ’06. 

The  disinfection  of  public  water  supplies  by  means  of 
hypochlorite  of  lime  (chloride  of  lime  or  bleaching  powder) 
came  into  general  use  during  the  summer  of  1908.  The 
enormity  of  the  water  purification  problem  attached  at  the 
Bubbly  Creek  filter  plant  at  the  Chicago  Stock  yards,  is 
really  responsible  for  its  general  application  to  water  purifi- 
cation. At  this  plant  a dilute  sewage  was  used  as  the  raw 
water  supply.  Copper  sulphate  did  not  handle  the  water 
successfully  and  upon  the  recommendation  of  Mr.  Geo.  A. 
Johnson,  of  New  York,  hypochlorite  was  given  a thorough 
trial.  The  results  were  remarkable  from  the  beginning. 
Quickly  following  its  use  at  the  Bubbly  Creek  plant,  it  was 
used  at  Jersey  City  and  Little  Falls,  N.  J. 

The  treatment  with  hypochlorite  consists  essentially  of 
the  introduction  into  the  water  of  a solution  of  hypochlorite 
of  lime,  usually  referred  to  as  “hypo,”  having  a strength  of 
about  one-half  per  cent.  The  strength  of  the  solution,  the 
amount  applied,  the  method  and  point  of  application,  the 
time  period  of  contact  and  many  other  features,  will  vary 
under  the  different  conditions  met  with  at  various  cities. 

At  most  filter  plants,  the  hypo  is  now  added  just  pre- 
vious to  filtration  so  as  to  take  advantage  of  as  long  a period 
of  sedimentation  as  possible  and  to  reduce  the  organic  mat- 
ter and  bacteria,  also  to  increase  the  time  period  of  contact 
and  so  insure  the  complete  decomposition  of  the  hypo  be- 
fore the  water  reaches  the  consumer.  Any  undecomposed 
hypo,  although  not  injurious  to  the  health,  will  impart  to  the 
water  a characteristic  taste  and  odor.  Many  cities  that  are 
using  the  hypo  treatment  today  have  no  complaints  of  odor 
or  taste. 

It  is  essential  that  the  treatment  be  properly  and  scien- 
tifically designed  and  carefully  operated.  Synchonous  chem- 
ical solution  pumps  are  used  in  a number  of  places.  These 
proportion  the  amount  of  hypo  applied  to  the  pumpage. 
This  method  of  application  is  particularly  adaptable  to 
plants  having  a system  of  direct  pumping  into  the  main 
with  a consequent  large  variation  in  the  speed  of  the  high 
duty  pumps.  The  synchronous  pump  has  been  used  only  in 
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connection  with  reciprocating  engines,  and  none  have  been 
designed  to  operate  synchronously  with  centrifugal  pumps. 

The  amount  of  chemical  used  varies  from  about  three 
pounds  to  sixty  or  seventy  pounds  per  million  gallons  of 
water  treated.  The  quantity  used  depends  upon  the  amount 
of  oxidizable  organic  matter  present.  At  any  one  plant 
the  quantity  needed  is  not  constant  but  varies  from  day  to 
day.  In  some  cities,  notably  those  using  water  from  the 
Great  Lakes,  it  has  been  found  that  the  dose  of  hypo  can 
be  gauged  fairly  accurately  from  the  turbidity  of  the  lake 
water.  With  river  and  well  water  this  will  not  hold  true. 

Hypochlorite  is  used  to  disinfect  water  supplies  of  all 
types,  viz : water  from  shallow  and  deep  wells,  from  moun- 
tains streams,  from  impounding  reservoirs,  from  lakes  and 
from  rivers.  It  is  used  alone  in  some  cases;  in  others  it  is 
used  in  conjunction  with  storage,  with  plain  sedimentation, 
with  slow  sand  pressure,  and  rapid  sand  filtration.  Filtra- 
tion will  remove  about  97  per  cent  of  the  total  bacteria  pres- 
ent in  the  ordinary  water  supply  without  any  particular 
selective  action.  With  hypochlorite  as  an  adjunct,  the  effi- 
ciency can  be  increased  to  98.5  per  cent  and  even  as  high 
as  99.9  per  cent.  Furthermore,  it  exerts  the  selective  action 
and  kills  the  bacteria  of  color  type  and  therefore,  we  be- 
lieve, the  germs  of  typhoid  fever. 

So  efficient  has  been  the  hypochlorite  treatment  that 
the  practice  is  now  to  immediately  install  temporary  disin- 
fection with  hypo  whenever  there  is  any  suspicion  of  the 
water  supply.  At  least  four  state  boards  of  health  have 
portable  treatment  plants  which  can  be  shipped  to  any  part 
of  the  state  on  short  notice,  assembled  and  be  ready  for 
operation  within  a day  or  two.  To  build  a filter  plant  would 
require  twelve  months  or  more.  Almost  invariably,  hypo- 
chlorite treatment  is  recommended  for  immediate  installa- 
tion when  any  epidemilogist  makes  an  investigation  of  the 
source  of  typhoid  fever  infection  during  an  epidemic  of 
this  disease. 

Besides  being  a very  effective  preventative  against 
water-born  typhoid  fever,  hypochlorite  treatment  is  very 
cheap  to  install  and  operate.  A temporary  installation  of 
wooden  tanks  will  cost  from  about  $200  up,  depending  upon 
the  size  of  the  installation  and  local  conditions.  A perma- 
nent treatment  plant  of  concrete  tanks  will  cost  from  $700 
upwards.  A temporary  installation  made  by  the  writer  for 
a water  supply  of  3,000,000  gallons  daily,  cost  about  $350, 
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including  consulting  fees.  A permanent  plant  to  treat 
20,000,000  gallons  daily,  installed  by  the  writer,  cost  about 
$5,000.  This  included  a frame  building,  12  x 24  x 20,  con- 
taining the  tanks,  orifice  boxes,  a storage  room  and  labora- 
tory, as  well  as  the  laboratory  equipment  and  consulting 
expert’s  fee.  The  chemical  itself  costs  1J/3  cents  per  pound 
in  large  containers,  in  carload  quantities.  A fair  figure  for 
the  average  user  would  be  about  2 cents  per  pound.  The 
average  quantity  used  is  about  6 or  8 pounds  per  million 
gallons  of  water  used.  This  would  make  the  cost  of  treat- 
ment come  to  about  12  or  16  cents  per  million  gallons.  The 
additional  labor  involved  is  very  slight  and  in  the  average 
size  plant,  it  does  not  amount  to  much  on  the  basis  of  one 
million  gallons  treated. 

During  1912  Cleveland,  Ohio,  had  the  lowest  typhoid 
fever  death  rate  of  any  of  the  larger  American  cities.  It 
was  5.9  per  100,000  population.  This  is  considerably  less 
than  during  previous  years,  when  hypochlorite  was  not 
being  used.  In  1911  the  rate  was  14.7  with  hypochlorite  in 
use  during  the  last  3P2  months  of  the  year.  Erie,  Pa.,  had 
a typhoid  fever  death  rate  of  8.7  per  100,000  for  the  year 
1912.  Previous  years  were  as  follows: 

Typhoid  fever  death 


Year 

rate  per 

1900 

34-0 

1901 

14.8 

1902 

234 

1903 

29.9 

1904 

46.4 

1905 

18.4 

1906 

47-5 

1907 

78.5 

1908 

61. 1 

1909 

29.1 

1910 

39-i 

191 1 

i97-o 

1912 

8.7 

This  is  certainly  a remarkable  reduction  in  typhoid 
fever.  What  is  true  of  Cleveland  and  Erie,  is  also  true  of 
many  other  cities. 

Hypochlorite  treatment  will  not  make  water  clear ; it 
will  not  remove  color  except  to  a slight  degree ; it  will  not 
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remove  tastes  from  the  water;  it  cannot  be  relied  upon  to 
remove  odors ; and  it  cannot  be  universally  applied  to  kill 
algae,  as  it  will  kill  some  but  not  others.  However,  hypo- 
chlorite will  kill  disease  producing  germs  in  the  water  and 
as  a germicide,  it  is  effective,  cheap,  certain  and  rapid  in  its 
action.  This  treatment  will  continue  to  find  wider  applica- 
tion in  the  protection  and  disinfection  of  water  supplies  as 
it  well  deserves.  Among  the  larger  cities  now  using  hypo- 
chlorite to  disinfect  the  water  supply  might  be  mentioned 
New  York,  Philadelphia,  Pittsburg,  Chicago,  Cleveland,  Cin- 
cinnati, St.  Louis,  Minneapolis,  Baltimore,  Columbus,  In- 
dianapolis, Denver,  Kansas  City,  Nashville.  The  writer  has 
a list  of  200  cities  using  this  treatment,  which  list  is  prob- 
ably not  more  than  one-half  or  one-third  complete. 


Reclamation  of  Overflowed  Lands — Shafer  121 


THE  RECLAMATION  OF  PERIODICALLY 
OVERFLOWED  LANDS 

Fred  F.  Sharer,  C.  E.,  Ti 

Periodically  overflowed  lands  may  be  defined  as  the 
bottom  lands  along  streams,  which  are  subject  to  overflow 
at  various  times  in  the  year,  and1  upon  which  the  crops  are 
destroyed  from  time  to  time.  It  may  be  that  a great  part 
of  this  land  is  subject  to  cultivation  when  overflows  do  not 
occur.  The  continually  increasing  value  of  this  land  is  di- 
recting attention  to-  its  complete  reclamation. 

There  are  many  important  considerations  from  the 
practical  and  engineering  point  of  view,  in  planning  im- 
provements that  will  prevent  the  overflows,  and  perhaps 
afford  direct  drainage  to  considerable  areas  that  may  be  too 
wet  for  profitable  cultivation,  even  if  overflows  do  not 
occur.  The  main  consideration  is  to  provide  adequate  pro- 
tection and  direct  drainage  to  the  bottom  lands  at  a reason- 
able cost.  It  is  characteristic  of  all  such  land  that  it  lies  in 
long,  narrow  valleys  and  the  area  overflowed  is  roughly 
proportional  to  the  size  of  the  watershed. 

The  following  table  compiled  from  surveys  made  by 
Drainage  Investigations  of  the  U.  S.  Department  of  Agri- 
culture, of  numerous  overflowed  bottom  lands  in  various 
parts  of  the  United  States,  shows  the  relations  referred  to 
above. 


Tabre  oe  Watersheds  and  Overflowed  Areas 


State 

Name  of 
Stream 

Area  of 
Watershed 
in  sq.  miles 

Overflowed 
area  in 
square  miles 

Per  cent  of 
Overflowed 
land 

Kansas 

Neosho  River 

5,090 

253 

4.9 

*• 

Cottonwood 

1,925 

88 

4.6 

“ 

Marias  de 
Cygnes 

3,360 

124 

3.7 

Nebraska 

Nemaha  River 

375 

21 

5.6 

Oklahoma 

Deep  Fork 
Canadian 

900 

42 

4.7 

Missouri 

Locust  Creek 

653 

32 

4.9 

“ 

Saline  Creek 

277 

10 

3.6 

Iowa 

Des  Moines  R 

2,720 

44 

1.6 

The  average  proportion  of  the  area  overflowed  of  the 
watershed  is  approximately  4.2  per  cent.  This  does  not  im- 
ply that  there  are  not  other  overflowed  lands  which  could  be 
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improved,  but  the  data  refers  to  the  overflowed  lands  that 
can  be  improved,  profitably,  at  the  present  time.  As  the 
value  of  farm  crops  increase,  there  will  also  be  an  increase 
in  the  area  of  lands  that  may  be  reclaimed  for  agricultural 
uses. 

Prevalence  oe  Floods 

It  has  been  the  writer’s  duty  to  have  examined  a large 
number  of  streams  in  the  middle  west  and  to  'have  collected 
data  on  rainfall  and  floods  on  these  particular  streams.  The 
information  obtained  seems  to  show  that  floods  are  increas- 
ing, in  severity  and  frequency,  on  the  smaller  streams.  This 
data  has  been  secured  in  many  cases  by  actual  (measure- 
ments of  the  high  water  marks,  and  by  general  data  on  the 
duration  and  periods  of  the  'floods. 

There  are  certain  fundamental  reasons  why  floods 
should  be  increasing.  The  agencies  responsible  for  this  in- 
crease are  found  in  the  natural  growth  of  the  country  and 
the  existing  methods  of  cultivation.  The  U.  S.  Weather 
Bureau  authorities  state  that  the  rainfall,  so  far  as  it  has 
been  recorded,  does  not  show  a progressive  change  in  any 
part  of  the  country.  Other  factors  remaining  the  same  then, 
the  amount  of  water  appearing  in  the  channels  of  the 
streams  as  run-off  would  not  be  any  greater  than  formerly. 
Examine  any  stream  in  the  middle  west,  or  any  Other  part 
of  the  country,  for  that  matter,  and  what  may  be  seen  ? 
There  are  accumulations  of  logs,  brush,  stumps,  sand  bars, 
low  bridges,  mill  dams  and  all  manner  of  debris  imaginable. 
Ditches  have  been  constructed  that  drain  low  points,  or  for- 
mer lakes,  and  they  now  discharge  the  rain  fall  into  the 
main  channel  in  a few  hours  after  a storm,  where  formerly 
these  ponds  and  lakes  retained  the  water  until  it  evaporated. 
It  is  probable  that  some  of  these  agencies  affecting  the  flow 
of  water  existed  before  the  advent  of  the  white  settler,  but 
his  coming  and  the  work  that  he  has  done  has  greatly  added 
to  the  deteriorating  factors  in  the  streams.  The  tintber  has 
been  cut  for  the  lumber  or  posts  that  it  afforded,  the  brush 
and  stumps  have  been  left  to  the  next  freshet  to  carry  away, 
which  means  ultimately,  that  any  floatable  object  finds  a 
resting  place  in  the  channel.  The  upland  has  been  broken 
for  farming  purposes.  It  washes  easily  and  the  sediment 
is  carried  to  the  channel  to  form  bars  which  obstruct  the 
flow  of  the  water. 

Many  of  the  valleys  of  the  western  states  were  subject 
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to  fires  which  kept  them  pretty  well  devastated  of  the  tim- 
ber, and  since  the  cessation  of  these  fires  the  timber  has 
been  allowed  to  grow  whenever  it  was  not  needed  for  the 
settlers.  The  timber  in  itself  is  probably  the  greatest  deter- 
rent factor  to  the  carrying  capacity  of  the  streams.  After 
periods  of  high  water  one  may  pass  along  any  stream  of  the 
west  where  there  is  standing  timber  and  see  strips  of  the 
banks,  which  have  been  loosened  by  the -swaying  action  of 
the  trees,  and  the  soaking  of  the  water  so  that  the  earth 
slides  bodily  into  the  channel,  carrying  with  it  the  trees. 
Many  times  the  trees  remain  standing  in  an  upright  position 
and  continue  to  grow,  in  other  instances  they  fall  into  the 
channel.  This  action  modifies  the  cross-section  of  the  stream 
and  serves  to  obstruct  the  flow.  Is  it  any  wonder  that  the 
channels  are  crooked  and  that  they  overflow? 

Length  of  Channels 

The  streams  without  exception  are  very  tortuous  and 
crooked  in  their  course.  They  are  continually  changing; 
long  bends  are  occasionally  cut  across,,  leaving  a bayou  or 
lake ; other  bends  are  becoming  longer,  so  that  in  any  one 
stream  it  is  not  probable  that  the  length  of  the  stream  is 
changing  perceptably. 

The  following  table  has  been  prepared  from  surveys 
made  by  Drainage  Investigations  of  the  U.  S.  Department 
of  Agriculture,  and  illustrates  some  general  characteristics 
of  the  channels  of  the  western  streams : 


Table  Illustrating  the  Length  oe  Streams  and  the 
Average  Fall  in  the  Valley 


State 

Stream 

Length,  Miles 

Ratio  of 
mean- 
dered 
length  to 
an  air 
line 

Average  Fall 
Ft.  Per  Mile. 

By 

Meander 

By 

1 Air  Line 

By 

River 

By 

air  line 

Kansas 

Cottonwood 

120.0 

62.0 

1.94 

1.89 

,3.66 

“ 

Marias  de 

Cygnes 

138.0 

88.0 

1.57 

1.43 

2.24 

Nebraska 

Salt  Creek 

78.0 

36.0 

2.17 

1.78 

3.86 

“ 

Nemaha  R. 

42.4 

24.9 

1.70 

3.07  , 

5.22 

“ 

Elkhorn  R. 

21.8 

13.6 

1.60 

3.89 

6.25 

Oklahoma 

Deep  Fork 

62.0 

41.0 

1.51 

2.90 

1.90 

Iowa 

Des  Moines 

68.0 

37.0 

1.84 

1.54 

2.84 

“ 

Big  Sioux 

36.6 

17.0 

2.15 

1.37 

2.94 

♦Missouri 

Locust  Cr. 

59.0 

25.0 

2.36 

1.59 

3.76 

Saline  Cr. 

38.0 

18.5 

2.04 

1.47 

3.00 

♦Preliminary  examination  only. 
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The  above  table  explodes  a popular  fallacy  in  regard 
to  the  relation  of  the  length  of  a stream  to  the  length  of  the 
valley.  The  laymen  will  usually  contend  that  the  stream 
is  the  “crookedest  one  in  the  country”  and  that  “it  is  five 
times  as  far  by  it  as  it  is  down  the  valley.”  One  cannot 
depend  upon  local  authority  for  the  truth  in  regard  to  the 
length  of  streams. 

Factors  Affecting  Run-Off 

The  factors  that  affect  the  amount  of  water  contrib- 
uted from  the  watershed  to  the  natural  drainage  channels 
may  be  enumerated  briefly  as  follows : rainfall,  topography, 
soil,  size  of  and  shape  of  the  watershed,  number  and  dis- 
tribution of  the  natural  drainage  channels  and  number  and 
character  of  the  natural  storage  basins.  The  term,  run-off, 
refers,  not  to  the  monthly  or  annual,  but  to  the  maximum 
discharge  from  a watershed  after  a single  heavy  storm  of 
perhaps  only  a few  hours  duration,  or  possible  three  or  four 
days  duration.  Run-off  may  be  measured  in  cubic  feet  per 
second  flowing  in  a channel,  or  it  may  refer  to  the 
withdrawing  of  water  of  a certain  depth  in  inches  from  a 
watershed  in  twenty-four  hours;  in  the  latter  case  it  is 
sometimes  termed  the  “drainage  coefficient.”  For  land  re- 
clamation, the  time  in  which  the  surplus  water  is  to  be 
withdrawn  is  usually  taken  as  twenty-four  hours.  Prac- 
tically any  farm  crop  can  stand  in  water  for  twenty-four 
hours  without  suffering  damage.  Some  crops  could  stand 
two  or  three  days  without  damage,  but  that  depends  largely 
upon  the  state  of  the  weather  at  the  time.  One  inch  in 
depth  removed  from  an  area  of  one  square  mile  in  twenty- 
four  hours  would  produce  a uniform  flow  in  a channel  of 
26.89  cubic  feet  per  second  and  to  remove  water  from  a 
watershed  of  100  square  miles  in  extent  at  a rate  of  one 
inch  in  twenty-four  hours  would  require  a carrying  capacity 
of  2,689  cubic  feet  per  second. 

A study  should  be  made  of  the  rainfall  records  for 
stations  within  or  near  the  watershed  of  the  stream  under 
consideration.  A table  should  be  prepared,  which  will  show 
the  dates,  rates,  and  frequency  of  excessive  precipitations 
that  may  have  caused  overflows.  This  table  should  include 
rain  storms  of  two  inches  and  over,  falling  within  twenty- 
four  hours ; rainfalls  of  less  than  two  inches  in  twenty-four 
hours  rarely  do'  much  damage,  unless  preceded  by  frequent 
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heavy  rains.  Very  high  waters  may  be  caused  in  the  winter 
or  early  spring  by  small  rains,  but  overflows  occurring  at 
this  season  of  the  year  do  not  damage  crops,  but  may  cause 
considerable  inconvenience  and  damage  to  personal  property. 

It  is  highly  essential  that  the  watershed  be  studied,  in 
order  that  the  area  may  be  classified  as  flat,  rolling,  rough, 
stony,  or  very  rough  and  stony.  Areas  that  are  flat  show  a 
much  smaller  rate  of  maximum  run-off  than  a similar  area 
which  is  rolling  or  gently  undulating.  The  run-off  increases 
rapidly  with  an  increase  in  the  roughness  of  the  surface 
conditions,  other  factors  remaining  the  same.  The  soil  is  a 
great  factor  in  distributing  the  run-off,  as  the  pore  space,  or 
capacity  for  water,  varies  greatly  with  the  soil.  A fine 
grained  soil,  such  as  an  alluvial  clay,  has  a much  greater 
pore  space  than  a sandy  loam  or  gravelly  soil.  A fine  soil 
does  not  permit  of  ready  percolation  of  the  water  through 
it,  while  a sandy  or  gravelly  soil  does  permit  ready  move- 
ment of  the  water  between  its  particles.  A rolling  sandy 
soil  would  no  doubt  show  a lower  rate  of  run-off  than  a 
flat,  fine  clay  soil. 

The  size  of  the  watershed  is,  of  course,  a very  impor- 
tant consideration,  for  the  greater  the  watershed  the  greater 
the  total  discharge,  but  the  smaller  the  watershed  the  less 
the  run-off  per  unit  of  area.  In  a large  watershed  the  flood 
will  usually  last  longer  than  in  a small  watershed,  but  the 
rise  of  the  flood  water  is  noit  so  rapid.  The  shape  of  the 
contributing  area  is  perhaps  of  as  much  importance  as  the 
area.  A long,  narrow  area  will  not  produce  as  severe  a 
flood,  or  one  of  so  long  duration  as  an  area  more  rectangu- 
lar or  triangular.  The  distribution  of  the  minor  tributaries 
or  other  streams  is  also  a governing  factor  in  the  run-off. 
If  it  were  possible  to  arrange  these  tributaries  so  that  no 
two  of  them  discharged  into  the  main  channel  near  the  same 
point,  the  floods  could  be  lessened.  A fan -shaped  area,  with 
the  tributaries  all  about  the  same  length  and  discharging 
near  the  same  point,  furnishes  an  ideal  condition  for  high 
waters  and  for  sudden  concentration  of  floods. 

The  last  factor  affecting  run-off  is  that  of  the  natural 
storage  basins,  or  reservoirs.  Examples  of  this  character 
of  watershed  may  be  found  in  Minnesota,  Iowa,  and  north- 
ern Indiana.  In  these  instances  there  are  numerous  small 
lakes  and  marshes  whose  area  is  an  appreciable  part  of  the 
entire  watershed.  They  will  exert  more  influence  on  the 
run-off  during  the  summer  months  than  in  the  early  spring 
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or  winter.  Evaporation  during  the  warm  weather  will 
cause  the  water  surfaces  to  lower  and  thereby  provide  a 
considerable  storage  capacity.  In  northern  Missouri  and 
southern  Iowa,  farmers  have  frequently  made  small  reser- 
voirs in  low  places  where  they  will  catch  the  run-off  for 
stock.  The  areas  thus  enclosed  are  small,  and  will  probably 
not  affect  the  maximum  run-off.  The  principal  advantage 
of  these  storage  basins  is  that  it  serves  to  collect  the  sedi- 
ment that  would  otherwise  be  carried  away. 

The  character  of  the  vegetation  of  the  watershed,  as 
far  as  we  have  any  direct  knowledge  of  it,  has  no  appre- 
ciable effect  on  the  run-off.  A timbered  area  would  not 
have  so  high  a rate  of  maximum  discharge  as  an  untimbered 
area,  but  the  discharge  would  be  distributed  over  a longer 
time.  A drainage  system  must-be  designed  so  that  it  will  be 
efficient  when  the  area  is  under  a high  state  of  cultivation. 

Engineering  Data  Required 

Thus  far  there  have  been  considered  only  the  general 
factors  that  can  be  determined  by  a careful  inspection  of 
the  district.  This  data  needs  to  be  supplemented  by  a cer- 
tain amount  of  instrument  work  and  other  observations. 
The  greatest  need  in  any  proposed  district  would  be  to  know 
with  some  degree  of  accuracy  the  amount  of  flood  water 
that  will  have  to  be  provided  for.  It  is  a notable  and  de- 
, plorable  fact  that  so  little  information  of  this  character 
exists.  A series  of  current  meter  measurements  extending 
over  a period  of  ten  or  fifteen  years  would  furnish  all  of 
the  information  desired  if  such  could  be  obtained.  It  is 
hoped  that  the  States  will  in  time  realize  this  necessity  and 
provide  in  some  way  for  the  taking  of  measurements. 

Extensive  surveys  should  be  made  In  any  district  and 
they  should  show  a careful  meander  of  the  natural  drainage 
channels  with  frequent  cross-sections  which  will  assist  in 
determining  their  capacity ; and  the  location,  by  meanders 
and  levels,  of  the  boundary  of  the  flooded  lands,  or  lands 
needing  drainage.  Level  lines  should  be  extended  across 
the  valley  at  frequent  intervals,  the  frequency  of  which 
depend  upon  the  size  of  the  district.  They  should  not  be 
farther  than  two  miles  apart  and  probably  not  closer  than 
half  a mile.  High  water  marks  with  their  dates  of  occur- 
rence should  be  obtained  whenever  possible  as  well  as  soil 
borings  to  determine  the  character  of  material  to  be  en- 
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countered  in  the  construction,  and  lastly,  trial  lines  for  the 
proposed  improvements  should  be  run  in  order  to  furnish 
a more  dependable  basis  for  estimating  quantities. 

All  of  the  indicated  work  can  be  done  easily  and  rap- 
idly by  the  use  of  standard  surveying  instruments  equipped 
with  stadia  and  magnetic  needles.  It  is  advisable  to  secure 
copies  of  the  U.  S.  Land  Office  plats  of  the  townships. 
Copies  of  these  maps  may  be  drawn  to  any  convenient  scale 
and  the  field  work  platted  on  the  new  maps.  In  this  way 
the  data  can  be  checked  and  corrected  to  correct  maps.  It 
is  necessary  that  frequent  checks  be  made  in  the  survey  on 
land  lines  and  corners.  Located  lines  for  the  improvements 
should  be  measured  with  a good  chain  or  tape,  and  the 
stations  set  at  100  foot  intervals.  These  lines  should  be  so 
located  that  they  can  be  retraced  by  other  engineers  at  any 
time.  This  will  necessitate  carrying  azimuth  or  deflection 
angles,  and  marking  or  locating  the  deflection  points  care- 
fully. 

Forms  of  Improvements 

The  guiding  factor  in  such  improvements  will  always 
be  the  final  cost.  In  so  many  cases  that  the  writer  has 
examined  the  cost  for  adequate  improvements  would  be 
greater  than  the  land-owners  felt  willing  to  pay.  The  plans 
are  usually  modified  to  meet  a lower  cost  than  the  merits 
of  the  work  deserve.  The  cost  of  improvements  for  the 
periodically  overflowed  lands  will  always  be  greater  than 
for  the  swampy  lands  of  the  south.  The  average  cost  for 
this  class  of  work  as  now  being  done  is  about  twelve  to 
twenty  dollars  per  acre. 

It  will  be  the  engineer’s  duty  to  determine  the  plans 
that  will  furnish  the  required  efficiency,  and  then  to  try  to 
persuade  the  land-owners  that  his  plans  should  be  adopted. 
P'ailing  in  this  he  will  have  to  submit  several  plans  and  per- 
mit the  land-owners  to  choose  the  one  that  will  give  the 
best  results  at  the  lowest  cost.  It  should  be  his  duty  to 
arrange  the  plans  so  that  subsequent  work  may  be  done 
without  material  alteration  in  the  original  work.  There  are 
five  general  plans  or  forms  of  improvement  for  the  pro- 
tection of  bottom  lands  from  overflow ; each  one  has  its 
advantages  and  disadvantages.  More  than  one  form  may 
be  required  in  any  one  district,  so  that  an  engineer  can  exer- 
cise some  real  ability  and  ingenuity.  The  Relief  Ditch,  so 
called  because  it  is  designed  to  relieve  the  existing  channel 
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in  times  of  high  water,  is  the  form  of  improvement  most 
frequently  used  in  overflowed  bottom  lands.  In  this  case 
the  engineers  will  be  required  to  locate  this  ditch  to  the  best 
advantage  and  to  design  it  so  that,  together  with  the  old 
channel,  adequate  capacity  will  be  provided  for  the  run-off 
assumed.  The  location  of  such  a ditch  will  prove  a difficult 
matter,  not  because  of  the  engineering  phases,  but  because 
nine  out  of  every  ten  land-owners  will  assume  that  they  can 
locate  the  ditch  “just  where  it  ought  to  go”  and  will  insist 
on  this  prerogative. 

It  is  a general  characteristic  of  all  bottom  land  streams 
that  they  have  built-up  banks  which  may  be  from  two  to 
four  feet  higher  than  the  bottoms  near  the  limiting  bluffs. 
With  this  fact  in  mind,  it  is  obvious  that  the  relief  ditch 
should  not  be  located  near  the  present  channel ; it  should  be 
located  as  far  as  possible  in  the  lowest  ground  in  the  valley, 
which  will  not  only  provide  a relief  to  the  old  channel,  but 
will  also  afford  direct  drainage  to'  the  lowest  lands.  There 
are  three  reasons  why  a relief  channel  should  avoid  follow- 
ing the  existing  stream.  First,  the  new  channel  is  to  act  in 
relief  and  to  be  efficient  the  two  channels  should  avoid 
crossing;  second,  since  the  stream  banks  are  always  built 
up  higher  than  the  remainder  of  the  bottoms,  it  will  require 
greater  excavation  to  make  a channel  of  given  capacity  at  a 
minimum  cost  if  located  near  the  existing  channel ; third, 
the  thread  of  the  overflow  will  always  follow  the  lowest 
ground,  and  tO'  afford  relief,  the  new  channel  should  be  lo- 
cated where  the  flood  waters  are  to  be  found.  It  will  not 
always  be  possible  to  avoid  occasional  crossings  with  the 
old  channel  and  when  this  is  necessary  provision  must  be 
made  at  such  crossing  for  the  combined  capacities  of  the 
two  channels. 

A second  form  of  government  for  protection  from 
overflow  would  be  a levee  system.  It  is  unfortunate  but 
true  that  land-owners  are  prejudiced  against  levee  systems. 
They  have  heard  how  levees  have  failed  in  critical  times 
and  they  imagine  that  levees  always  fail.  They  do  not  con- 
sider the  circumstances  fully  and  are  not  usually  informed 
of  all  of  the  facts.  The  principal  cause  of  levee  failures  is 
that  they  have  not  been  built  sufficiently  strong.  We  know 
much  more  about  the  construction  of  levees  than  we  did 
fifteen  or  twenty  years  ago,  and  such  structures  that  are 
now  built  do  not  fail  SO'  readily.  The  choice  between  a 
levee  system  and  a relief  ditch  must  be  determined  by  the 
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cost,  both  initial  and  of  maintenance.  Levee  systems 
are  objectionable  because  a large  amount  of  land  must  of 
necessity  be  on  the  unprotected  side  of  the  structure.  As  a 
general  rule,  levees  should  be  built  with  a safety  factor  of 
from  two  to  eight  feet  above  the  estimated  high  water,  de- 
pending upon  the  size  of  the  stream  and  the  watershed.  The 
top  width  and  side  slopes  depend  upon  the  nature  of  the 
soil,  since  a loose  soil  would  need  a wider  top  and  greater 
slopes  than  a firm  clay  soil.  The  drainage  of  the  protected 
lands  in  a levee  system  is  accomplished  by  the  use  of  or- 
dinary ditches  and  flood  gates  through  the  levee.  The  de- 
sign of  flood  gates  is  a special  problem  and  cannot  be 
treated  in  the  scope  of  this  paper. 

The  third  form  of  improvement  would  be  a combined 
system  of  levees  and  cutoffs  in  the  old  channel.  If  a few 
bends  in  the  old  channel  can  be  cut  across  and  the  stream 
shortened  materially,  it  will  be  advisable  tO'  recommend  such 
improvement.  I11  order  tO'  determine  such  necessity,  the 
engineers  must  be  able  to  calculate  the  increased  carrying 
capacity  of  the  old  channel  and  the  accompanying  effect  on 
the  height  of  the  levees.  To  be  effective,  a system  of  cut- 
offs should  be  carried  out.  It  should  be  clear  that  a few 
cutoffs  would  affect  the  old  channel  only  locally,  and  that  at 
other  points  there  would  be  a congestion  of  the  flood  water. 
There  is  not  a great  deal  of  information  on  the  benefits  of 
cut-offs  in  connection  with  levees.  It  is  a subject  that  de- 
serves careful  consideration  and  a capable  engineer  to  han- 
dle it. 

The  fourth  general  plan  of  reclamation  may  be  called 
a combined  system  of  cutoffs  and  improving  the  old  chan- 
nel. In  this  form  of  improvement  the  effort  is  to  attempt 
to  restore  the  channel  to  its  former  capacity,  and  to  estab- 
lish it  so  that  it  will  continue  to  work  at  its  maximum 
capacity.  In  this  plan  a systematic  form  of  cutoffs  must 
be  adopted  to  secure  uniformity  of  flow  throughout  the 
stream.  The  channel  improvement  will  consist  of  removing 
all  unnatural  obstructions  to  the  flow  such  as  bars,  trees, 
stumps,  logs  and  brush,  and  the  removal  and  rebuilding  of 
improperly  located  bridges. 

The  fifth  general  form  of  improvement  would  be  a 
combination  of  cutoffs,  clearing  the  old  channel,  and  en- 
larging it  by  dredging.  This  last  plan  deserves  a peculiar 
consideration  because  of  the  fact  that  the  old  channel  occu- 
pies a certain  definite  amount  of  ground  that  will  probably 
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always  be  waste  space.  If  the  land  to  be  protected  is  in  a 
district  where  the  values  are  high,  say  from  one  hundred  to 
two  hundred  dollars  per  acre,  one  can  see  the  necessity  of 
utilizing  the  present  waste  space  for  the  improvement. 

Methods  oe  Computation 

It  is  not  a difficult  matter  to  compute  with  a reasonable 
degree  of  accuracy  the  carrying  capacity  of  new  channels. 
Chezy’s  formula,  which  is,  V — C \/Rs,  is  universally  em- 
ployed. V is  the  velocity  in  feet  per  second  in  the  channel; 
C is  a factor  depending  upon  the  slope,  the  hydraulic  radius, 
and  roughness  which  is  represented  in  Kutter’s  formula  by 
N ; R is  the  hydraulic  radius  and  is  equivalent  to  the  term, 
A rv-  P,  in  which  A is  the  area  of  the  wetted  cross-section 
and  P is  the  wetted  perimeter ; ^ is  the  slope,  or  fall  in  the 
channel,  in  feet  per  mile;  N,  the  coefficient  of  roughness,  in 
Kutter’s  formula,  for  new  ditches  may  be  taken  at  .025. 
For  the  original  channel  of  streams  containing  many  bends 
and  which  may  have  considerable  debris  a value  of  N of 
.030  to  .040  may  he  assumed  for  computing  its  carrying 
capacity. 

The  velocity  in  any  channel  is  a function  of  the  shape, 
size,  slope,  and  roughness  of  the  channel.  It  is  presumed 
that  the  slope  is  fixed  in  any  ditch  surveyed,  so  that  the 
velocity  may  be  varied  by  varying  the  cross-section.  The 
form  of  section  required  will  depend  upon  the  depth  to 
which  it  is  safe  to  go,  and  the  limiting  of  the  velocity  to 
avoid  severe  erosion  of  the  soil.  In  this  connection  con- 
struction difficulties  and  methods  will  exercise  some  in- 
fluence. In  general  a deep,  narrow  channel  will  have  a 
greater  capacity  than  the  same  area  of  section  in  a broad 
shallow  one. 

The  design  of  flood  ways  between  levees  presents  some 
special  problems.  The  usual  method  is  to  divide  the  prob- 
lem in  two  parts — the  capacity  of  the  old  channel  when  the 
water  is  overflowing  its  banks,  and  the  capacity  of  the  area 
between  the  levees.  A depth  of  water  is  assumed  between 
the  levees  and  two'  slopes  are  introduced  as  well  as  different 
factors,  or  values  for  N.  It  is  a difficult  problem  to  adjust 
the  distance  between  levees  and  their  height.  No  general 
rules  can  be  given  that  will  apply.  With  a given  amount  of 
flood  water  to  be  cared  for,  the  engineer  must  adjust  the 
distances  between  levees  and  their  height  to  meet  the  local 
requirements,  and  to  secure  a maximum  amount  of  pro- 
tected land  at  a minimum  cost. 
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SCHOOL  OF  ELECTRICAL  ENGINEERING. 

CALIBRATING  LABORATORY 

In  the  School  of  Electrical  Engineering  during  the  past 
year  special  attention  has  been  devoted  to  the  equipment  of 
a complete  calibrating  laboratory,  and  a large  assortment  of 
precision  wattmeters,  voltmeters  and  ammeters  with  accom- 
panying precision  transformers  and  shunts  of  Siemens  & 
Halske  manufacture  have  been  purchased  and  installed. 
These  instruments  together  with  a low  voltage  heavy  cur- 
rent storage  battery,  provide  for  the  accurate  calibration  of 
practically  all  the  ranges  of  instruments  required  for  either 
the  laboratory  or  commercial  testing.  The  primary  stand- 
ards are  not  available  for  general  laboratory  use  but  sec- 
ondary standards  checked  against  the  primary  meters  from 
time  to  time  are  provided  for  calibration  by  the  students. 

HIGH  POTENTIAL  RESEARCH 

The  results  of  investigations  of  the  phenomena  occur- 
ring at  very  high  voltages  were  presented  by  Prof.  Harding 
at  the  annual  convention  of  the  A.  I.  E.  E.  in  June,  1912, 
and  the  results  checked  particularly  well  with  those  obtained 
by  the  General  Electric  Company  at  Schenectady  under  the 
different  climatic  and  weather  conditions.  As  a different 
method  was  used  from  that  adopted  at  Schenectady,  the  re- 
results due  to  corona  seem  now  to  be  pretty  well  confirmed. 

The  study  of  corona  losses  at  high  potentials  as  well 
as  a new  method  of  determining  very  high  voltages  without 
the  use  of  the  spark  gap  are  now  being  studied  and  results 
thus  far  obtained  will  be  available  for  publication  during  the 
coming  year. 

LABORATORY  TRACK  CONNECTION 

The  street  railway  track  on  the  campus  is  now  being 
connected  to  the  track  in  the  electrical  laboratory  by  means 
of  a special  siding  on  the  south  side  of  the  power  house,  thus 
permitting  the  test  car  to  run  out  on  the  street  railway  lines 
without  interference  from  the  coal  cars  on  the  power  house 
siding.  With  this  change  a large  amount  of  new  work  with 
the  car  is  anticipated. 
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WIRELESS  TELEGRAPH  STATION 

The  wireless  telegraph  station  is  rapidly  assuming  com- 
mercial proportions  as  communication  in  both  directions  has 
been  established  with  Chicago  and  messages  have  been  re- 
ceived from  Key  West,  Washington  and  from  the  test  boat 
which  was  sent  across  the  Atlantic  to  determine  the  range 
of  the  Washington  station.  It  is  expected  that  the  power 
of  the  sending  equipment  will  be  still  further  increased  dur- 
ing the  coming  year. 

PERSONNEL 

The  instructional  corps  in  electrical  engineering  has 
been  greatly  strengthened  during  the  past  year  by  the  addi- 
tion of  Mr.  Alfred  Still,  a prominent  English  engineer,  who 
has  been  chief  engineer  and  manager  of  two  large  electric 
companies  in  England  for  a period  of  twenty  years  and  since 
coming  to  this  country  has  been  electrical  engineer  of  the 
Lake  Superior  Corporation  of  Sault  Ste.  Marie,  Can.  Mr. 
Still  has  specialized  in  machine  design  and  high  tension 
transmission  work  and  is  at  present  taking  charge  of  the 
design  work  at  the  University  formerly  carried  by  Prof. 
Moore.  Prof.  Moore  is  devoting  a large  part  of  his  time  as 
chief  engineer  of  the  LaFayette  Electrical  & Mfg.  Co. 

Mr.  D.  D.  Ewing,  head  professor  of  electrical  and  me- 
chanical engineering  at  Ohio  Northern  University,  has 
joined  the  electrical  engineering  staff  in  the  combined  capa- 
city of  instructor  and  graduate  student  and  is  carrying  on 
a large  amount  of  research  work  in  addition  to  his  depart- 
mental duties.  During  the  second  semester  he  has  taken 
entire  responsibility  for  the  elective  work  in  electric  railway 
engineering  in  this  department. 


SCHOOL  OF  CIVIL  ENGINEERING 

CHANGES  IN  COURSE 

An  important  departure  from  the  former  course  in 
Civil  Engineering  is  the  Surveying  Camp.  This  is  to  be 
operated  between  Commencement  and  the  first  of  July,  fol- 
lowing the  sophomore  year.  This  puts  the  school  of  Civil 
Engineering  in  line  with  Michigan,  Wisconsin,  Cornell  and 
the  majority  of  universities,  in  providing  more  thorough 
training  in  field  operations.  It  will  enable  the  regular 
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course  of  instruction  to  be  improved  by  more  extensive 
training  in  professional  subjects. 

The  location  of  the  camp  will  be  at  some  point  in  the 
State  of  Indiana,  yet  to  be  selected — the  State  Forest  Re- 
serve and  Fort  Benjamin  Harrison  being  under  consider- 
ation. This  will  be  a camp  in  reality  as  well  as  in  name. 
The  sophomore  class,  accompanied  by  instructors,  will  be 
provided  with  tents  and  camp  equipage. 

The  work  of  the  camp  will  reproduce  the  conditions  of 
actual  engineering  practice,  including  work  in  the  field  and 
office,  lectures  and  recitations  on  the  theory  of  the  work. 
First  of  all,  a triangular  system  covering  the  area  of  the 
camp  and  the  base  line  will  be  laid  out.  The  angles  of  this 
triangulation  system  and  the  length  of  (the  base  line  will  be 
measured  by  precise  methods,  accompanied  by  the  necessary 
astronomical  observations.  Then  an  accurate  topographical 
and  hydrographical  survey  will  be  made  of  the  site,  showing 
the  contour  of  the  ground ; the  location  of  a railway  will 
also  be  staked  out. 

This  engineering  camp  has  been  under  consideration  for 
several  years  but  has  only  recently  been  adopted  by  the 
faculty.  It  is  to  be  operated  toward  the  improvement  of 
the  course  in  Civil  Engineering.  The  space  vacated  in  the 
Junior  year  is  to  he  taken  by  Hydraulics  and  additional 
language  study.  The  course  in  the  Senior  year  will  be  im- 
proved by  more  thorough  course  in  reinforced  concrete, 
electrical  laboratory  work  and  hydraulic  motors. 

SHORT  COURSE  FOR  SURVEYORS,  ENGINEERS  AND 
OTHER  COUNTY  OFFICIALS 

This  year  for  the  first  time  the  school  of  Civil  Engi- 
neering operated  a short  course  of  illustrated  lectures,  labor- 
atory observations  and  conferences  upon  the  different 
branches  of  civil  engineering.  The  course  was  divided  into 
two  parts,  the  first  part  lasting  from  January  6th  to  January 
1 8th,  and  the  second  part  from  January  13th  to  January 
1 8th.  The  first  part  was  intended  for  city  engineers,  county 
surveyors  and  engineering  contractors.  The  course  was 
technical  and  instruction  was  given  by  illustrated  lectures, 
conferences,  direct  laboratory  observation  and  drafting  room 
practice.  The  aim  of  the  course  was  toward  the  most  ap- 
proved practice  in  the  several  lines  of  engineering,  and  it 
was  of  benefit  to  all.  The  second  part  w:as  intended  for 
public  officials,  including  county  commissioners,  road  supej> 
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visors,  public  health  officials  and  any  others  interested  in 
this  line  of  work.  The  difference  between  the  two  parts 
was  that  Part  II  was  less  technical  and  more  general  than 
the  instruction  in  Part  I.  The  aim  of  the  second  course  of 
instruction  was  to  familiarize  those  attending  with  results 
rather  than  with  the  technical  methods  of  obtaining  the  re- 
sults. Under  the  two  divisions  which  were  given  there  were 
conferences  upon  drainage  and  water  power,  concrete  con- 
struction, cement  and  concrete,  materials  of  construction, 
highway  engineering  and  bridges,  public  accounting,  con- 
tracts and  specifications,  sanitation  of  school  houses  and 
sewerage  and  water  supply. 

LABORATORY  FOR  TESTING  MATERIALS 

An  investigation  of  more  than  ordinary  interest  has 
been  conducted  in  the  Laboratory  for  Testing  Materials 
under  the  auspices  of  the  American  Society  for  Testing 
Materials.  The  investigation  was  of  the  so-called  rerolled 
rail  steel,  i.  e.,  of  the  rods,  mainly  reinforcing  rods  for  con- 
crete, rolled  from  old  rails.  The  product  of  five  mills  was 
sampled  at  various  intervals,  and  some  2,000  bars  were  col- 
lected and  submitted  to  various  physical  tests.  The  purpose 
of  this  investigation  was  to  determine  the  proper  specifica- 
tions for  the  sale  and  use  of  this  material. 

With  the  co-operation  of  Professor  Endsley,  a large 
number  of  delicate  measurements  were  made  of  the  defor- 
mations in  cast  side  frames  and  brake  beams.  In  this  work 
the  strain  gage  designed  by  H.  C.  Berry,  Purdue  ’02,  was 
used.  Tests  of  this  kind  enable  the  design  of  the  castings 
to  be  examined  and  the  exact  location  of  surplus  and 
deficiency  of  material  to  be  located. 

HYDRAULIC  LABORATORY 

The  noteworthy  additions  to  the  Hydraulic  laboratory 
equipment  during  the  past  year  consist  of  a glass  enclosed 
12-inch  Doble  Waterwheel,  and  a 2-inch  triplex  Gould 
Pump.  A contemplated  addition  for  the  ensuing  year  is  a 
concrete  channel  to  be  fitted  with  weirs  and  in  which  a tur- 
bine is  to  be  installed. 

Thesis  work  is  being  conducted  on  the  flow  of  water  and 
sand  through  pipes,  an  investigation  of  liquids  lighter  than 
water  for  use  in  differential  gages  and  a study  of  the  flow 
of  water  through  steel  riveted  pipes. 
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STRUCTURAL  ENGINEERING 

In  Structural  Engineering  the  equipment  has  been  in- 
creased by  the  addition  of  models  of  a stiff-leg' derrick ; a 
joint  of  a Pratt  truss  bridge,  and  the  mounting  of  the  large 
model  of  a suspension  bridge,  all  of  which  are  being  used  in 
the  computation  of  stresses  and  in  design  work.  Investiga- 
tions have  been  carried  on  for  the  past  year  to  determine 
the  wind  loads  on  mill  buildings  and  on  train  sheds  and 
auditoriums.  The  results  on  mill  buildings  were  announced 
before  the  Western  Society  of  Engineers,  October  9,  1912, 
and  can  be  found  in  the  proceedings  of  that  society.  The 
results  are  widely  divergent  from  the  commonly  accepted 
methods  of  loading.  The  work  on  train  sheds  is  now 
going  on. 


SCHOOL  OF  MECHANICAL  ENGINEERING. 

There  are  four  general  courses  of  study  given  in  the 
School  of  Mechanical  Engineering  which  are  designated  as 
follows.  Steam,  Gas,  Railroad  and  Heating  and  Ventilat- 
ing Engineering. 

STEAM  ENGINEERING 

The  course  in  steam  engineering  includes  the  design  of 
steam-engines  and  boilers,  steam  turbines,  pumping  machin- 
ery, cranes,  elevators,  machine  tools  and  the  study  of  the 
manufacture  and  operation  of  each.  The  steam  laboratory 
presents  an  excellent  means  of  acquainting  the  students  with 
the  operation  of  the  machinery  and  apparatus  used  for  ex- 
perimental work.  It  is  divided  into  the  main  and  west  labora- 
tories. The  floor  area  in  these  two  laboratories  may  be 
conceived  when  it  is  known  that  the  two  have  nearly  twice 
the  area  of  a baseball  diamond.  The  main  laboratory  con- 
tains thirteen  steam  driven  machines  among  which  is  a 
Baldwin  compound  locomotive  engine,  a Harris-Corliss 
triple  expansion  engine,  a Rand  compound  two  stage  air 
compressor  and  an  Allis-Chalmers  engine  driving  a centrif- 
ugal pump.  DeLaval  steam  turbines,  direct  acting  steam 
pumps  and  engines  of  various  types,  vertical  and  horizontal, 
complete  the  equipment.  The  west  steam  laboratory  con- 
tains more  apparatus  of  a similar  nature.  All  are  arranged 
and  available  for  testing  and  should  all  be  working  at  the 
same  time  the  power  developed  by  the  engines,  turbines  and 
pumps  in  these  two  laboratories  would  be  equivalent  to 
twelve  hundred  horse-power. 
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GAS  ENGINEERING 

The  course  in  gas  engineering  brings  out  the  design  and 
operation  of  the  gas,  gasoline,  and  oil  engines,  gas  pro- 
ducers, automobiles  and  power  motor  trucks.  The  gas  lab- 
oratory has  a cement  floor  area  of  thirty-five  hundred  square 
feet,  with  a testing  floor  in  the  center  upon  which  engines 
may  be  set  up  temporarily  and  tested. 

The  apparatus  in  this  room  consists  of  eleven  internal 
combustion  engines,  both  horizontal  and  vertical,  using  oil, 
gas,  gasoline  or  kerosene  as  fuel.  The  sizes  of  these  mo- 
tors vary  from  five  to  fifty  horse,  with  a total  rated  capa- 
city of  all  combined  of  over  two  hundred  horse-power.  The 
fifty  horse-power  gas  producer  using  anthracite  coal,  also 
located  in  this  laboratory,  is  adapted  for  special  research 
work.  A very  important  part  of  the  equipment  of  this  lab- 
oratory is  the  calorimeter  room.  Here  the  heating  values 
of  coal,  gas  or  liquid  fuels  are  determined. 

RAILROAD  ENGINEERING 

The  locomotive  laboratory  is  located  in  a building  of 
brick,  which  is  entirely  separated  from  the  mechanical  en- 
gineering building.  A railroad  track  runs  from  the  labora- 
tory to  the  New  York  Central  Lines.  The  laboratory  con- 
tains a modern  locomotive  of  eight  hundred  horse-power 
capacity.  The  four  drivers  are  mounted  upon  wheels,  so 
that  the  locomotive  can  be  run  at  any  desired  speed.  The 
drawbar  pull  is  also  easily  regulated  and  maintained  to  pro- 
duce a load  on  the  locomotive  equivalent  to  the  required 
train  load.  The  steam  is  made  in  the  boiler  of  the  locomo- 
tive by  burning  either  crude  oil  or  coal  and  both  the  fuel 
and  water  may  be  measured  or  weighed.  The  conditions 
of  operation  are  maintained  as  nearly  as  possible  to  those 
to  be  met  in  actual  practice.  When  tests  are  made,  sixteen 
students  are  necessary  to  take  all  the  observations  besides 
the  fireman  and  two  helpers  who  operate  the  locomotive. 

HEATING  AND  VENTILATING 

Another  branch  of  the  work  in  mechanical  engineering 
is  the  heating  and  ventilating  of  buildings.  This  has  grown 
in  importance  until  separate  courses  have  been  outlined  in 
class,  laboratory,  and  design  room  to  meet  the  demands. 
For  the  present  the  special  apparatus  for  this  work  is  lo- 
cated in  the  west  steam  laboratory  although  plans  have 
already  been  proposed  for  a new  building  to  be  devoted  tq 
heating  and  ventilating  and  refrigerating  engineering. 
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A KEROSENE  CARBURETOR 

C.  E.  Summers,  ’o6 

The  rapid  development  of  the  motor  industry  has 
drawn  heavily  upon  the  supply  of  fuel  adapted  for  use  in 
motors  as  now  constructed.  The  outlook  for  future  appli- 
cation of  portable  power  points  toward  even  greater  devel- 
opment. No  other  source  of  power  known  to  engineering 
science  seems  likely  to  supplant  the  explosion  type  of  motor 
in  this  field.  In  view  of  these  facts,  the  scientific  world, 
the  manufacturers,  and  the  public  have  been  inquiring  what 
fuel  can  be  produced  in  such  great  abundance  as  to  meet  the 
increasing  demand  without  reaching  a prohibitive  price. 
Much  effort  has  been  expended  to  find  a new  product  which 
will  be  a cheap  substitute  for  gasoline  in  the  present  type  of 
motor,  or  to  produce  a motor  or  method  of  carburetting 
which  will  make  tjae  heavier  petroleum  products  available 
as  fuels.  Alcohol,  benzol,  and  other  substitutes  for  gasoline 
have  been  tested,  but  owing  to  higher  cost  or  limitations  in 
production,  give  little  promise  of  relieving  the  situation. 

Kerosene  presents  the  most  likely  solution  to  the 
problem.  This  is  true  because  average  crude  oil  contains 
approximately  twice  as  much  kerosene  as  gasoline,  and 
while  the  demand  for  gasoline  has  increased  many  fold 
during  the  last  decade,  the  demand  for  kerosene  has  nor- 
mally decreased.  Kerosene  differs  from  gasoline  principally 
in  the  physical  properties  of  greater  specific  gravity  and 
higher  boiling  point.  Kerosene  has  approximately  io  per 
cent,  more  fuel  value  per  gallon  than  gasoline,  and  is  ob- 
tainable in  most  parts  of  the  country  at  less  than  one-half 
the  cost.  Because  of  these  natural  advantages,  the  efforts 
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of  most  experimenters  have  been  directed  toward  devising 
means  for  making  kerosene  available  as  a fuel  for  internal 
combustion  motors. 

Manifolds  and'  carburetors  as  now  constructed  are  de- 
signed for  fuel  which,  when  sprayed  into  the  air,  imme- 
diately vaporizes  and  is  carried  directly  with  the  air.  This 
condition  is  not  realized  when  kerosene  is  used,  since  its 
boiling  point  is  from  300  to  500  degrees  Fahrenheit.  If 
sufficient  heat  is  given  to  the  mixture  to  hold  the  kerosene 
in  a state  of  vapor,  the  entire  charge  is  so  expanded,  due  to 
the  high  temperature,  that  the  horse  power  of  the  motor  is 
seriously  reduced.  If  we  apply  but  little  heat  to  the  mix- 
ture, the  fuel  is  only  partially  vaporized,  the  remainder 
creeps  as  a film  on  the  walls  of  the  manifold,  feeds  into  the 
cylinders  irregularly  and  divides  between  them  unequally, 
resulting  in  little  power,  smoke,  large  fuel  consumption,  and 
generally  poor  results.  It  seems  evident,  therefore,  that  no 
device  could  be  attached  in  place  of  the  conventional  gaso- 
line carburetor  which  could  so  treat  kerosene  as  to  give 
perfect  results  if  the  charge  must  subsequently  be  elevated 
through  a manifold  and  divided  between  the  cylinders  at 
random.  A kerosene  carburetor  of  necessity  includes  a 
kerosene  manifold. 

The  device  with  which  this  paper  deals  has  been  de- 
signed with  a view  to  eliminating  the  causes  which  have  led 
to  failure  or  meager  success  in  the  use  of  kerosene  in  the 
multi-cylinder  throttling  motor.  Fig.  1 shows  the  device  as 
applied  to  the  average  automobile  motor.  Its  essential 
elements  consist  of  the  measuring  member  A,  the  regulator 
B,  the  distributor  C,  the  vaporizer  D,  the  atomizer  E. 

It  is  noted  that  the  measuring  cylinder  A is  rotated  by 
gear  connection  with  the  motor.  The  cylinder  is  immersed 
in  the  fuel  so  the  grooves  in  its  surface  fill  with  the  liquid, 
and  such  portion  of  the  contents  of  the  groove  as  is  above 
the  lower  edge  of  the  port  F discharges,  due  to  gravity  and 
suction,  into  the  tube  G which  communicates  with  the 
vaporizer  D.  The  distributor  C rotates  synchronously  with 
the  cam  shaft  and  connects  the  vaporizer  successively  with 
each  of  the  four  tubes,  1,  2,  3,  and  4,  leading  to  the  atomizer 
cones  E placed  beneath  the  intake  valve  of  each  of  the  four 
cylinders.  The  sequence  of  communication  between  the 
heater  and  each  of  the  four  distributing  tubes  is  the  same 
as  the  firing  sequence  of  the  cylinders.  In  this  way  the  flow 
of  vaporized  or  partially  vaporized  fuel  is  simultaneous  with 
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the  indraught  of  air  through  the  perforations  of  the  atomiz- 
ing cones  E,  insuring  the  positive  introduction  and  thorough 
mixture  of  the  fuel  with  the  air  in  the  cylinder. 

The  regulator  B is  the  vital  part  of  the  mechanism.  It 
consists  of  a sealed  metallic  diaphragm  filled  with  air  and 
adapted  to  axial  expansion.  The  diaphragm  is  so  located 


Fig.  1. 


that  it  is  subjected  to  the  temperature  and  pressure  con- 
ditions, existing  in  the  intake  manifold  and  consequently  in 
the  cylinder  during  the  intake  stroke.  The  air  sealed  within 
the  diaphragm  exerts  a pressure  upon  its  yielding  walls 
which,  when  the  external  pressure  is  lowered,  causes  the 
diaphragm  to  expand.  An  increase  of  temperature  with 
constant  external  pressure  also  causes  expansion.  Thus  the 
length  of  the  diaphragm  becomes  an  accurate  index  to  the 
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volume  of  any  given  weight  of  air,  when  subjected  to  tem- 
perature and  pressure  variations.  The  change  in  the  length 
of  the  diaphragm  for  various  pressures  and  temperatures 
is  determined  experimentally,  and  the  volume  of  liquid  fuel 
necessary  to  enrich  the  piston  displacement  volume  of  air 
under  these  same  conditions  of  pressure  and  temperature  is 
calculated  or  determined  by  experiment.  Then  by  connect- 
ing the  diaphragm  with  the  feeding  cylinder  so  the  collapse 
of  the  diaphragm  brings  a greater  length  of  the  fuel  slot 
into  discharging  relations  with  the  port  F,  and  by  giving 
such  form  and  variation  to  the  depth  of  the  slot  that  the 
volume  of  fuel  above  the  discharging  line  at  each  vertical 
position  corresponds  exactly  to  the  amount  required  to 
enrich  the  weight  of  air  being  taken  by  the  cylinder,  a bal- 
anced charge  is  obtained.  It  will  be  noted  that  this  method 
of  fuel  feeding  is  independent  of  the  volatility  of  the  fuel. 
A slightly  less  volume  of  kerosene  is  required  than  of  gaso- 
line, but  the  greater  viscosity  of  the  former  makes  its  dis- 
charge slightly  less  complete,  so  that  this  difference  is  com- 
pensated. 

In  Fig.  2,  the  curve  A-A,  co-ordinating  external  pres- 
sures and  lengths  of  the  diaphragm,  is  determined  experi- 
mentally by  varying  the  pressure  surrounding  the  sealed 
diaphragm  and  noting  the  length.  The  curve  B-B  is  also 
determined  experimentally,  and  co-ordinates  length  of  the 
diaphragm  against  internal  pressure  (gauge),  and  shows 
the  internal-external  pressure  difference  required  to  over- 
come the  elastic  resistance  of  the  walls  of  the  diaphragm 
for  various  degrees  of  expansion.  By  adding  the  ordinates 
of  these  two  curves  we  obtain  the  hyperbolic  curve  C-C, 
whose  equation  has  the  form  XY  — C . Solution  of  the 
curve  locates  the  Y axis. 

The  fuel  requirements  of  the  charge  at  constant  tem- 
perature vary  directly  with  the  absolute  pressure,  reaching 
zero  at  a degree  of  vacuum  at  which  the  clearance  gases 
expand  to  fill  the  entire  cylinder  at  the  line  D-D,  Fig.  2. 
The  slope  of  tangents  drawn  to  the  curve  A-A  indicates  the 
rate  of  fuel  requirement  relative  to  the  diaphragm  varia- 
tions. Thus,  with  the  volume  of  the  groove  in  the  cylinder 
A equal  to  the  volume  of  fuel  required  to  enrich  the  piston 
displacement  of  air,  the  variations  in  the  depth  of  the  groove 
conform  to  the  value  of  the  tangent  of  the  curve  A-A  for 
a pressure  absolute  and  a diaphragm  length  which  brings 
this  particular  point  of  the  groove  on  a level  with  the 
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charging  line.  By  this  means,  not  only  can  a balanced  pro- 
portion of  air  and  fuel  be  maintained,  but  any  variations  in 
the  proportion  found  desirable  can  be  given.  For  instance, 
at  full  load  of  quantity  of  fuel  can  be  fed  giving  maximum 
power,  while  at  lighter  loads  the  minimum  amount  of  fuel 
is  supplied,  giving  high  efficiency  and  insuring  clean  spark 
plugs. 

A few  of  the  practical  advantages  of  the  carburetor 
are  as  follows : 

1.  A perfectly  balanced  mixture  is  obtained  at  all 
times,  giving  maximum  efficiency. 

2.  The  device  is  self-adjusting  to  all  conditions  of 
load,  speed,  temperature  and  barometric  pressure,  thus  re- 
quiring no  manual  adjustment. 

3.  The  fuel  is  introduced  positively  into  each  cylinder, 
and  equally  distributed  between  the  cylinders. 

4.  The  introduction  of  the  fuel  through  a separate 
tube  from  the  main  air  supply  permits  of  any  desired  heat 
treatment  without  overheating  the  entire  charge. 

5.  Mechanical  control  of  the  fuel  supply  makes  it 
possible  to  feed  a lean  mixture  at  light  loads,  thus  insuring 
clean  spark  plugs,  and  yet  feed  a mixture  for  maximum 
power  at  full  load. 

6.  Because  the  device  delivers  the  fuel  directly  to  each 
cylinder,  vaporized  and  in  its  right  proportion,  and  regulates 
automatically  for  temperature,  it  is  especially  adapted  to  use 
low  grade  fuels. 

7.  The  motor  starts  easily  in  cold  weather,  because  the 
fuel  is  delivered  directly  to  the  cylinder,  and  a mixture  of 
full  richness  is  fed  when  the  motor  is  cold. 

In  practical  tests  covering  several  months  the  device 
shows  even  greater  economy  than  would  be  expected  from 
theoretical  considerations.  An  automobile  which  averages 
12  miles  per  gallon  of  gasoline  using  regular  carburetor 
equipment,  makes  22  miles  per  gallon  of  kerosene  when 
equipped  with  this  carburetor.  The  secret  of  this  economy 
lies  in  the  thorough  vaporization  of  the  fuel  and  the  intro- 
duction of  the  smallest  amount  which  will  give  the  desired 
result.  The  device  has  the  advantage  of  using  gasoline, 
kerosene,  or  any  mixture  of  the  two.  The  impossibility  of 
overfeeding  gives  it  a remarkable  fuel  economy  whether 
using  gasoline  or  kerosene. 
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UNUSUAL  STRUCTURAL  FEATURES  OF  THE 
FLETCHER  SAVINGS  AND  TRUST  BUILDING 
INDIANAPOLIS,  INDIANA 

Louis  W.  Bruck,  ’09 

The  Fletcher  Savings  and  Trust  Building  is  located 
at  the  corner  of  Market  and  Pennsylvania  Streets,  in  the 
heart  of  the  business  and  financial  district  of  Indianapolis, 
equally  distant  from  the  Federal  building,  City  Hall,  County 
Court  House,  and  State  House,  and  within  two  squares  of 
the  four  leading  banks  of  the  city.  The  building  site  on 
which  it  stands  is  valued  at  480,000  dollars,  the  structure 
itself,  exclusive  of  any  interior  fixtures,  will  cost  about 
875,000  dollars.  The  building  lot  measures  97  feet  6 inches 
by  120  feet,  and  the  building  will  have  a 20  foot  basement, 
with  16  stories  above,  reaching  217  feet  6 inches  above  the 
street  level.  The  Fletcher  Savings  and  Trust  Company 
will  occupy  the  whole  of  the  lower  three  floors,  with  excep- 
tion of  the  store  room  space,  with  their  banking  room  and 
offices.  The  remaining  13  floors  will  be  leased  for  general 
office  use. 

The  exterior  of  the  building  will  be  finished  with  white 
granite  up  to  the  fifth  floor  level,  above  which  Indiana  lime- 
stone is  to  be  used.  A very  painstaking  efifort  has  been 
made  to  impress  the  observer  that  the  building  is  a bank  as 
well  as  an  office  building.  To  this  end,  a great  deal  of 
emphasis  has  been  placed  on  the  bank  entrance  on  Market 
Street.  The  walls  have  been  set  back  three  feet  or  more  in 
the  three  lower  stories,  and  massive  granite  columns  intro- 
duced, 35  feet  high.  These  are  well  proportioned  and  serve 
in  their  arrangement  to  distinguish  the  banking  rooms  from 
the  remainder  of  the  building  in  a very  pleasing  way.  The 
attainment  of  this  object  has  at  the  same  time  introduced 
one  of  the  principal  structural  difficulties,  for  the  steel  col- 
umns above  must  continue  down  inside  these  granite  col- 
umns, thus  unsupported  in  a length  of  39  feet.  The  direct 
loads  on  these  columns  at  this  point  total  762,000  lbs. ; and 
to  these  must  be  added  a wind  moment  of  509,000  ft.  lbs. 
The  section  thus  obtained  becomes  excessive,  and  other 
means  must  be  resorted  to  rather  than  the  addition  of  cover 
plates  and  angles  to  the  existing  section.  This  presents  one 
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of  the  unusual  features  of  the  construction,  which  will  be 
described  in  detail. 

The  interior  of  the  banking  room  itself,  elaborate  in 
all  of  its  details,  is  responsible  for  other  difficulties.  Ap- 


Fig.  1. 


proximately  $100,000  is  to  be  expended  in  the  finishing  and 
decoration  of  this  one  immense  room,  which  the  trust  com- 
pany will  occupy.  Needless  to  add,  the  demands  of  the 
architects  in  designing  so  large  and  expensive  a room  were 
very  exacting.  Reference  to  the  plan  of  the  room  will  show 
how  few  are  the  columns  and  how  symmetrically  they  have 
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been  placed  to  facilitate  the  working  out  of  certain  archi- 
tectural schemes.  In  order  that  the  elimination  of  columns 
above  the  banking  room  may  be  shown  more  plainly  they 
have  been  dotted  in  on  the  plan  of  the  room,  five  eliminated 
entirely,  and  7 shifted  in  position.  Ordinarily  the  shift- 
ing of  a column  in  a skeleton  frame  building  is  not  difficult, 
because  room  is  easily  obtained,  by  suspended  ceilings  or 
otherwise,  and  the  construction  easily  taken  care  of.  How- 
ever the  troubles  were  rather  complex  in  this  case.  Little 
room  was  allowed  for  the  necessary  girders,  and  the  con- 
struction for  that  reason  was  difficult. 

Fig.  1,  viewpoint  of  which  is  given  on  the  plan  of  the 
banking  room,  shows  one  of  the  unusual  cases  of  offsetting 
and  elimination  of  the  upper  columns.  The  double  six  foot 
girder  No.  3,  carries  columns  No.  24  and  25,  eliminating 
them  below,  while  column  No.  23,  supporting  girder  No.  3 
at  the  near  end  carries  also  the  smaller  girder,  No.  6.,  the 
latter  made  necessary  by  the  offsetting  of  column  No.  23. 
The  second  column  in  the  view,  No.  24,  is  offset  in  a similar 
manner  and  its  load  is  likewise  transferred  to  the  large  gir- 
der by  means  of  the  smaller  one.  An  unusually  small 
amount  of  working  space  was  available  for  the  depth  of 
girder  No.  6.  The  vertical  shear  in  the  near  end  of  this 
girder  is  about  640,000  lbs.  and  the  available  depth  for  the 
girder  was  28  inches.  The  compactness  of  the  metal  is  well 
shown  in  the  view,  as  well  as  the  close  spacing  of  the  rivets 
in  both  web  and  flange.  A double  I section  is  used  and 
each  of  the  two  girder  sections  has  four  web  plates,  two  in- 
side and  two  outside  of  the  flange  angles. 

It  will  be  noticed  in  Fig.  1,  that  the  end  connection  of 
the  girder  No.  3 is  riveted.  A glance  will  immediately  sug- 
gest that  it  would  have  been  much  simpler  to  rest  the  girder 
on  top  of  the  column,  rather  than  running  the  column  up 
through  the  girder.  Some  very  difficult  riveting  would 
have  been  avoided  and  the  connection  made  much  easier 
in  the  drafting  room.  One  consideration,  however,  makes 
that  scheme  an  impossibility,  and  that  is  the  provision  for 
girder  No.  6,  having  a reaction  at  this  end  of  640,000  lbs. 
and  coming  above  the  top  flange  of  the  larger  girder.  To 
transfer  this  load  down  through  the  end  of  the  girder  below 
by  means  of  milled  stiffeners  was  found  to  be  impossible 
because  not  enough  metal  could  be  assembled  in  the  space 
available.  The  only  other  expedient  was  resorted  to — that 
of  running  the  lower  column  up  through,  and  two  inches 
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above  the  top  flange  of  the  lower  girder  to  form  a bearing 
connection  for  the  upper  girder. 

The  other  troublesome  feature  of  the  structural  steel 
work  was  brought  about  by  the  granite  columns  on  Market 
Street.  Fig.  2 gives  a detailed  view  of  one  of  the  connec- 
tions along  Market  Street  at  the  fourth  floor,  near  and 
above  the  banking  room  entrance.  These  steel  columns  are 
entirely  encased  by  the  granite  columns,  which  at  the  outset 
prevents  any  connection  to  them,  except  from  the  room 
side.  This  gives  a free  length  of  about  39  feet  for  the  steel 
columns  which  have  a direct  load  of  762,000  lbs.  to  be  com- 
bined with  a wind  moment  of  509,000  ft.  lbs.  The  outside 
dimensions  of  the  columns  were  limited  by  the  channeling 
of  the  granite  to  16  inches.  To  find  a section  limited  to 
these  figures  of  sufficient  strength  would  have  resulted  in 
a section  both  inefficient,  and  with  excessive  thicknesses  of 
metal  in  both  web  and  flange  sides. 

Another  consideration  in  the  same  problem  suggested 
a solution  in  itself.  It  was  that  of  providing  an  efficient  con- 
nection for  the  second  floor  girders  at  the  second  floor. 
These  girders  along  the  street,  it  will  be  remembered,  carry 
a wall  which  was  set  back  over  three  feet  from  the  corre- 
sponding wall  above.  This  brought  them  two  feet  or  more 
from  the  columns  to  which  they  were  to  be  framed.  Be- 
cause of  the  architectural  features  it  was  not  permissible  to 
introduce  a girder  for  framing  and  even  this  method  would 
not  have  given  opportunity  of  transferring  wind  stresses  to 
the  columns  at  this  floor.  One  means  of  accomplishing 
both  these  objects  was  to  place  an  auxiliary  column,  or  strut 
about  two  feet  inside  the  main  column  to  take  these  con- 
nections with  the  wind  stresses  at  that  level,  and  to  secure 
the  two  columns  together  by  means  of  tie  plates  along  their 
full  length.  This  method  was  adopted,  and  all  wind  stresses 
from  the  fourth  floor  down  were  transferred  to  these  aux- 
iliary columns.  The  main  section  then  carried  nothing  in 
the  39  foot  length  but  direct  load,  and  the  section  for  such 
a load  was  easily  proportioned.  The  method  employed  of 
transferring  the  wind  stresses  at  the  fourth  floor  is  well 
shown  in  Fig.  2.  The  usual  wind-bracing-girder,  as  de- 
signed for  all  the  upper  floors,  is  carried  along  the  entire 
elevation,  and  connected  to  the  main  column  by  means  of  a 
gusset  plate  connection.  A second  girder,  or  latticed  brac- 
ing is  framed  between  adjacent  auxiliary  columns,  and 
these  connected  to  the  outer  girder  by  horizontal  angle  brae- 
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ing.  The  inner  line  of  girders  has  no  load  but  that  of  the 
transferred  wind  stresses.  Unfortunately  it  cannot  be  ex- 
plained in  detail  in  this  article  how  much  this  solution  sim- 
plified the  working  out  of  the  connections  of  the  floor  beams, 
etc.,  in  the  shop  details. 


Fig.  2. 


Another  feature  of  the  design  which  might  prove  of 
interest  because  its  use  is  not  yet  common,  is  that  of  placing 
the  splice  in  the  outside  columns  in  the  middle  of  the  story 
height — at  or  near  the  point  of  counter  flexure.  It  eliminates 
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the  necessity  of  having  very  heavy  splice  plates  designed  to 
take  the  full  amount  of  the  wind  moment  in  the  column.  An 
advantage  of  greater  importance,  however,  in  the  shop  is 


that  the  location  brings  the  splices  clear  of  any  gusset  plate 
connection  from  either  the  floor  above  or  below.  In  the 
ordinary  design,  with  the  splice  18  inches  or  two  feet  above 
the  floor  line,  the  gusset  plate  connections  on  the  columns 
interfere  with  the  column  splice,  and  the  two  must  be  com- 
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bined  in  the  field  connection — an  awkward  and  costly  de- 
tail, yet  one  which  usually  cannot  be  avoided. 

Such  in  brief  are  some  of  the  unusual  features  of  the 
structural  design  of  the  building.  They  are  not  stupendous, 
nor  entirely  new  and  original  in  solution,  but  they  are  un- 
usual, and  as  such  they  may  prove  of  interest  as  illustrating 
some  of  the  problems  presented  to  the  structural  engineer, 
for  which  he  must  have  ready  solution.  He  must  prove  his 
value  in  solving  such  difficulties  quickly,  yet  with  the  care 
and  understanding  of  the  methods  and  materials  available 
that  will  render  his  scheme  speedy  of  solution,  economical 
in  cost,  and  efficient  in  service. 
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THE  LAW  OF  CONTRACTS 

W.  E.  Stark,  T4 

All  business  is  conducted  through  the  medium  of  con- 
tracts, and  whether  it  be  the  ordinary  affairs  of  domestic 
life  controlled  by  simple  agreements  or  the  erection  of  great 
public  works  controlled  by  carefully  prepared  contracts,  the 
same  law  and  the  same  principles  apply.  Without  the 
medium  of  contracts  business  would  be  at  a standstill.  No 
man  is  able  to  take  his  place  successfully  in  business  without 
some  knowledge  of  contract  law.  The  writing  of  specifica- 
tions should  be  considered  along  with  the  drawing  of  con- 
tracts. The  contract  is  a proper  task  for  the  engineer,  in 
that  it  must  be  drawn  with  reference  to  the  specifications  so 
that  they  may  have  the  force  and  effect  desired.  If  the 
specifications  are  drawn  up  by  the  engineer  and  the  contract 
by  the  attorney,  conflicts  will  arise  frequently  owing  to  each 
man’s  ignorance  of  what  the  other  has  in  mind.  Between 
the  two  evils,  lack  of  legal  knowledge  and  lack  of  technical 
knowledge,  the  former  is  often  regarded  as  the  less  im- 
portant and  the  contract  is  left  to  be  drawn  by  the  engineer. 
A contract  prepared  without  regard  for  the  legal  principles 
is  almost  certain  to  lead  to  litigation  either  on  account  of  a 
misunderstanding  of  the  legal  liabilities  of  the  parties  in- 
volved or  of  the  failure  to  make  the  contract  binding. 

To  assume  the  obligations  arising  from  a contract,  the 
law  provides  that  the  parties  shall  observe  certain  formal- 
ities and  that  their  intentions  shall  be  made  known  by 
certain  acts  that  may  be  made  a matter  of  record.  There 
are  four  essential  elements  to  a binding  contract,  namely, 
two  parties  with  the  ability  to  contract ; a lawful  consider- 
ation; a lawful  subject  matter;  and  a mutual  understanding 
between  the  parties.  If  a contract  does  not  contain  all  four 
of  these  principles,  it  is  not  binding  and  will  not  be  upheld 
by  any  court. 

The  ability  of  a person  to  contract  is  not  hard  to  de- 
termine. The  only  people  who  have  any  special  privileges 
in  regard  to  contracts  are  infants — infants  being  men  under 
twenty-one,  women  under  eighteen,  drunkards,  lunatics,  and 
sailors.  If  a contract  is  injurious  to  the  interests  of  an 
infant  it  is  absolutely  invalid,  but  if  it  operates  for  the 
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infant’s  good  it  must  be  fulfilled  or  its  equivalent  given 
when  the  infant  becomes  of  age.  Sailors  are  especially 
protected  by  federal  law.  If  a sailor  incurs  a debt  of  more 
than  one  dollar  while  he  is  on  a voyage,  it  cannot  be  col- 
lected. In  some  courts,  married  women  and  bankrupts  are 
free  from  obligations  of  contract. 

A contract  should  always  state  clearly  the  residence  of 
the  parties  as  well  as  the  place  where  the  contract  is  drawn, 
since  the  laws  effecting  its  execution  may  depend  on  these 
things  to  a large  extent.  For  instance,  a contract  drawn  in 
one  state  to  be  performed  partly  in  that  state  and  partly  in 
another  will  be  governed  by  the  law  of  the  state  in  which 
it  was  made,  but  a contract  drawn  in  one  state  to  be  per- 
formed wholly  within  another  state  will  come  under  the 
laws  of  the  state  in  which  it  is  performed.  A contract 
cannot  be  enforced  by  any  legal  act  unless  some  consider- 
ation is  involved.  The  law  does  not  permit  the  contracting 
of  doing  something  for  nothing.  The  consideration  may  not 
necessarily  be  money.  It  may  be  the  surrender  of  a right  or 
a privilege  or  the  promise  to  do  a certain  thing.  If  the 
consideration  of  a contract  is  an  act,  the  performing  of  that 
act  cannot  be  taken  as  the  consideration  for  a second  con- 
tract. Taking  a concrete  case,  if  a workman  is  on  a contract 
job  which  he  quits  for  some  reason  before  he  has  finished  it, 
the  promise  to  complete  the  job  for  a premium  will  not  be 
upheld  by  the  courts.  The  finishing  of  the  job  was  the 
consideration  for  one  contract  and  cannot  be  made  the  con- 
sideration for  the  second.  There  is  a difference  between  a 
promise  in  consideration  of  some  future  act  and  a promise 
in  consideration  of  a promise  to  perform  some  act  in  the 
future.  If  an  owner  says  to  a builder,  “I  will  pay  you  ten 
thousand  dollars  to  build  me  a house,”  and  the  builder 
answers,  “All  right,”  the  promise  to  pay  cannot  necessarily 
be  realized  upon  until  the  house  is  built.  The  owner  may 
call  the  deal  off  before  the  house  is  completed  and  the 
builder  may  not  be  able  to  collect  a cent.  On  the  other 
hand,  if  the  owner  says,  “I  agree  to  pay  to  you  ten  thousand 
dollars  if  you  agree  to  build  me  a house,”  the  contract  is 
perfectly  valid  since  it  is  supported  by  a present  consider- 
ation and  not  a future  one. 

Now  comes  the  question  of  lawful  subject  matter. 
Contract  law  requires  that  the  obligations  assumed  shall  be 
lawful  acts  or  undertakings  within  the  written  law  of  the 
land ; that  they  shall  be  in  harmony  with  the  policy  of  the 
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government  and  with  good  society ; and  that  their  execution 
shall  be  possible.  The  consideration  must  not  be  one  pro- 
hibited by  law.  A contract  must  not  tend  to  influence  legis- 
lative bodies  or  public  officers  in  the  discharge  of  their 
duties  and  it  must  not  have  for  its  object  the  perversion  of 
the  courts  or  the  obstruction  of  justice.  Agreements  to  pay 
money  to  witnesses  to  remain  out  of  court  will  not  be  en- 
forced. Contracts  made  for  the  making  of  public  utilities 
before  the  franchise  is  obtained,  or  contracts  between  build- 
ers to  refrain  from  bidding  against  each  other  are  illegal. 
A man  cannot  by  contract  forfeit  certain  rights  and  privi- 
leges which  the  law  guarantees  him.  Contracts  by  which 
persons  agree  not  to  demand  damages  for  injuries  or  negli- 
gence, such  as  the  contracts  of  railroads,  express,  and 
telegraph  companies,  which  seek  to  limit  their  responsibility 
in  case  of  accidents,  have  frequently  been  set  aside  by  the 
courts.  The  fact  that  a man  riding  on  a free  pass  signs  an 
agreement  to  release  the  carrier  in  case  of  injury  to  the 
passenger  does  not  mean  necessarily  that  he  cannot  collect 
damages  in  the  event  that  he  is  injured  in  case  of  accident 
while  a passenger.  A case  in  point  is  that  of  the  Indian- 
apolis Traction  and  Terminal  Company  versus  Isgrig,  ad- 
ministratrix, in  the  Appellate  Court.  The  court  affirmed  a 
former  decision  granted  in  favor  of  the  defendant,  stating, 
in  its  opinion,  that  a common  carrier  created  as  such  by  law, 
cannot  contract  against  liability  for  negligence.  This  case 
arose  on  account  of  the  death  of  a conductor  in  the  employ 
of  the  company  while  riding  on  his  transportation  slip. 

The  last  essential  element  of  a binding  contract  is  the 
mutual  understanding  between  the  parties  as  to  the  terms  of 
the  agreement.  If  it  can  be  proved  that  a mutual  under- 
standing is  lacking  the  mere  signing  of  an  agreement  will 
not  make  it  operative.  For  instance,  an  engineer  draws  up 
two  contracts  for  the  approval  of  his  company.  Both  of 
them  are  signed  and  sealed  and  the  company  elects  to  de- 
liver one  of  them,  but  by  mistake  delivers  the  other.  If  the 
company  can  prove  that  it  did  not  intend  to  deliver  the  one 
that  was  sent,  there  is  no  contract.  A contract  subject  to 
the  conditions  of  some  future  agreement  is  held  as  not 
binding  since  the  parties  have  not  yet  agreed  as  to  the  future 
conditions.  It  might  seem  from  the  consideration  of  these 
statements  that  any  ingenious  man  could  evade  a contract, 
but  such  is  not  the  case.  The  misunderstanding  must  be 
one  that  any  man  of  ordinary  sense  would  be  liable  to  fall 
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into,  and  could  convince  a jury  that  there  was  an  actual 
misunderstanding. 

It  may  seem  that  some  points  upon  which  a contract 
might  depend  would  be  decidedly  hard  to  bring  out  to  the 
court’s  satisfaction.  To  aid  in  the  interpretation  of  con- 
tracts and  to  prevent  fraud  and  perjury,  statutes  have  been 
enacted  which  require  that  important  contracts  must  be 
attended  by  certain  ceremonies  which  may  be  cited  in  court 
as  evidence.  On  account  of  the  loss  of  certain  evidence 
through  the  elapse  of  time  other  statutes  have  been  passed 
whereby  the  period  of  liability  of  the  parties  is  limited. 
Most  states  require  that  contracts  relating  to  the  transfer  of 
lands  and  construction  work  must  be  made  a matter  of 
public  record.  It  is  required  in  some  states  that  all  con- 
tracts and  specifications  be  recorded.  The  statute  requiring 
that  certain  contracts  be  in  writing  in  order  to  be  enforced 
by  court  decisions,  especially  those  involving  more  than  fifty 
dollars  in  value,  is  known  as  the  Statute  of  Frauds.  This 
law  usually  contains  a section  governing  sales,  wherein  it  is 
stated  that  a contract  for  the  sale  of  goods  is  not  effective 
unless  part  of  the  goods  has  been  delivered  or  a partial 
payment  has  been  made.  When  the  statute  specifically 
states  that  the  contract  must  be  in  writing,  neither  party 
has  any  recourse  in  court  if  this  provision  is  not  observed. 
The  statute  limiting  the  time  during  which  a contract  obli- 
gation operates  is  known  as  the  Statute  of  Limitations.  It 
is  the  purpose  of  the  principles  of  this  type  of  statute  to 
compel  the  contracting  parties  to  enforce  their  rights  or 
abandon  them  in  a reasonable  time.  Such  provision  gives 
security  to  business  and  makes  unnecessary  the  indefinite 
retaining  of  receipts  and  like  evidence.  By  its  rulings,  the 
plaintiff  is  denied  the  privilege  of  enforcing  his  former 
rights  after  the  elapse  of  the  prescribed  number  of  years. 
However  the  action  only  is  affected  and  not  the  defense. 
Thus  a defendant  may  show  that  a contract  was  procured 
by  fraud  even  though  the  statutory  limit  has  passed. 

It  should  be  kept  in  mind  that  in  drawing  up  a contract 
very  close  attention  should  be  paid  to  the  essential  elements. 
When  the  contract  is  completed  it  should  be  reviewed  care- 
fully to  see  that  it  does  contain  these  features  of  a binding 
agreement,  and  that  it  is  within  the  statutes  limiting  the  law 
of  contracts.  The  preparation  of  a contract  is  not  a thing 
to  be  done  hastily  and  the  spending  of  a few  hours  of  time 
may  mean  the  saving  of  many  dollars. 
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TRACK  RECONSTRUCTION 

J.  R.  McKay,  ’ii 

During  the  summer  of  1905  there  were  constructed 
several  miles  of  street  railway  track  of  the  beam  type  con- 
struction in  Fort  Wayne.  A concrete  beam  six  inches  deep 
runs  the  entire  length  of  each  rail.  On  the  assumption  that 
the  beam  would  be  strong  enough  to  carry  the  track  vertical- 
ly, ties  were  spaced  every  five  or  six  feet  apart  except  at 
joints  where  two  ties  were  spaced  very  close  to  each  other. 
It  seems  that  the  tie  was  counted  upon  to  prevent  the  spread- 
ing of  rails  and  not  to  distribute  the  load  to  any  great  extent. 
Reference  to  Fig.  1 which  is  an  isometric  drawing  of  one 
track  on  a street  where  there  is  double  tracking,  will  show 
the  most  salient  features  of  this  type  of  construction.  All 
the  track  so  constructed  in  this  city  has  proved  a failure. 
At  the  present  time  there  is  left  to  be  reconstructed  only 
a few  miles  of  both  single  and  double  track  of  this  type. 
Most  of  this  is  in  such  a condition  that  it  will  have  to  be 
replaced  within  the  next  year.  It  is  upon  the  reconstruc- 
tion of  over  4,000  feet  of  double  track  of  this  type  that  this 
article  shall  be  concerned. 

Before  discussing  the  reconstruction  of  the  beam  type 
of  track  it  might  be  interesting  to  note  some  of  the  features 
concerning  its  failure.  The  most  glaring  fact  was  that  for 
almost  its  entire  length  the  track  was  lower  than  the  adjoin- 
ing pavement  by  several  inches.  In  some  instances  the  track 
was  as  much  as  four  or  five  inches  below  the  pavement  on 
either  side.  Only  recently  on  some  of  the  track  which  is 
still  in  and  is  to  be  replaced  as  soon  as  spring  opens,  it  was 
necessary  to  shim  the  rail  up  seven  inches  in  order  to  per- 
mit cars  to  run  over  the  spot.  This  fact  in  itself  shows 
that  the  beam  was  very  inferior  to  most  ordinary  types  of 
construction  and  that  there  was  not  sufficient  width  in  the 
beam  to  properly  sustain  the  load  and  transmit  it  to  the  sub- 
surface whose  bearing  power  is  poor.  At  joints,  where  there 
was  considerable  vertical  motion,  the  beams  would  break, 
and  during  wet  weather,  under  the  continuous  rise  and  fall 
of  the  track  as  cars  passed  over  these  points,  the  subsoil 
would  work  its  way  to  the  surface  through  the  beam  and 
pavement.  When  the  concrete  beams  were  removed  it  was 
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found  that  in  many  cases  they  were  broken  between  the  wide 
spaced  ties. 

To  overcome  the  various  bad  features  of  the  beam  type 
and  to  provide  a roadbed  which  will  stand  interurban  and 
heavy  city  traffic,  a standard  type  of  construction  as  shown 
in  Fig.  2 has  been  adopted. 

The  stability,  permanence,  and  maintenance  of  any 
street  pavement  depend  upon  its  foundation.  If  the  founda- 
tion weakens  in  any  way,  the  surface  will  soon  settle  un- 
equally. If  the  street  be  one  in  which  street  railway  cars 
are  run  this  settling  soon  manifests  itself  in  the  breaking 
of  the  bond  between  the  pavement  and  track  construction. 
However,  surface  failure  may  be  due  to  poor  materials  and 
workmanship  independently  of  a good  foundation.  The 
essentials  necessary  for  the  construction  of  a solid  unyield- 
ing foundation  are  a firm  subsoil  and  proper  drainage.  The 
nature  of  the  subsoil  will  to  a large  extent  determine  the 
character  of  the  construction  to  be  used. 

The  drainage  of  the  track  in  a paved  street,  as  that  of 
a steam  railroad,  is  one  of  the  most  important  items  in  the 
economical  maintenance.  Under  the  increased  loading,  the 
rail  tends  to  deflect  and  consequently  the  bond  breaks  and 
permits  water  to  enter  the  foundation,  which  if  not  properly 
drained  will  at  once  displace  the  subsoil  and  break  down  the 
entire  construction.  The  drainage  is  cared  for  by  sub- 
drainage and  surface  drainage.  The  subsoil  is  drained  by 
a line  of  four  inch  vitrified  ring  tile  placed  in  the  center  line 
of  the  track.  The  tile  is  surrounded  by  crushed  stone  to 
permit  the  water  to  collect  and  enter  the  open  joints  of  the 
tile  without  carrying  soil  with  it.  The  more  solid  and  com- 
pact the  subsurface  is  made  the  better  the  drainage  will  be. 
Hence  before  the  under  drainage  is  placed,  the  soil  is  thor- 
oughly rolled  with  an  eight  ton  roller.  This  rolling  also 
furnishes  a firm  foundation  for  the  concrete  slab. 

The  surface  drainage  is  cared  for  by  drips  which 
are  connected  with  the  city  sewerage  system  by  eight  inch 
vitrified  pipe  lines.  The  drips  are  placed  at  breaks  in  grades 
on  downward  slopes  and  where  there  is  a slope  of  such 
length  as  to  warrant  the  reducing  of  distances.  The  small 
four  inch  drain  lines  are  connected  to  the  outlets  of  the 
drips.  Thus  the  water  which  may  get  below  the  track  con- 
struction and  that  which  collects  along  the  rails  in  the 
flange-way  spaces  is  adequately  taken  care  of. 
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To  carry  a heavy  interurban  car  without  crushing  and 
to  prevent  joints  from  loosening,  a foundation  of  concrete 
of  varying  thickness  and  seven  feet  six  inches  wide  is  used. 
This  foundation  is  of  a i 13  15  mix  and  in  the  work  of  the 
past  summer  it  was  eight  inches  thick.  In  order  that  there 
may  be  sufficient  elasticity  to  permit  cars  to  ride  easily  and 
not  jar,  a cushion  of  two  inches  of  crushed  stone  is  placed 
on  the  concrete  foundation.  In  places  where  it  is  desired 
that  there  be  great  rigidity,  the  surface  is  obtained  by  block- 
ing up  the  track  and  then  pouring  a wet,  rich  grout  beneath 
the  ties.  The  blocking  is  subsequently  removed. 

White  oak  ties  6x8  in.  by  7 ft.  spaced  two  feet  on 
centers  are  employed  in  the  standard  of  construction  now 
used.  The  7 in.  91  lb.  T-rail,  60  feet  long,  is  heavier 
and  stiffer  than  that  formerly  used  and  therefore  will  retain 
a permanent  alignment  and  grade.  Such  a rail  also  reduces 
vibrations  and  deflections  to  a minimum  and  prevents  the 
rapid  deterioration  that  would  result  in  the  use  of  a lighter 
section.  Its  height  permits  the  placing  of  a brick  under  the 
ball  and  permits  of  a better  appearing  pavement.  A 60  foo* 
rail  while  not  so  easily  handled  as  the  shorter  ones  reduces 
the  number  of  joints  50  per  cent,  and  gives  a smoother  track. 
All  joints  are  cast  welded  at  an  additional  cost  of  more  than 
250  per  cent,  above  the  cost  of  ordinary  splices.  A brick 
surface  between  tracks  and  1 foot  outside  of  the  outer  rails 
is  used  in  every  class  of  pavement.  The  chief  reason  for 
this  is  that  when  it  becomes  necessary  to  open  the  track  for 
any  purpose  the  brick  can  be  removed  easily,  and  replaced 
with  less  cost  and  damage  to  the  appearance  of  the  street 
than  is  the  case  with  other  types  of  pavement. 

The  track  constructed  upon  plans  of  the  more  recent 
standard  construction  is  located  on  a street  which  is  the 
artery  of  traffic  for  practically  the  whole  rural  district  south- 
west of  the  city.  During  the  improvement  of  this  street 
it  was  necessary  to  keep  at  least  one  side  open  to  traffic,  and 
one  track  had  to  be  available  for  city  and  interurban  car 
operation.  Because  of  these  facts  it  was  necessary  to  carry 
the  work  on  with  the  greatest  dispatch. 

The  work  of  excavating  was  done  with  a Thew  shovel 
having  a capacity  of  ^ of  a yard.  With  a work  car  and 
gondola  at  hand  this  shovel  operated  by  a competent  engi- 
neer was  able,  in  spite  of  constant  interruptions,  to  remove 
on  the  average  200  cubic  yards  of  material  per  day.  Not 
only  did  the  shovel  tear  out  all  the  old  concrete  beams  but 


Track  Reconstruction — McKay  29 

the  ties  as  well.  More  work  was  done  at  a very  much  lower 
cost  than  would  have  been  possible  by  hand.  The  cost  of 
removing  this  material  by  hand  would  have  exceeded  a 
dollar  a yard  as  the  beams  were  of  such  dimensions  that 
they  could  not  have  been  handled  without  first  breaking 
them  into  suitable  sizes.  The  shovel  did  its  work  so  well 
that  only  two  men  were  needed  to  follow  up  and  do  the  fine 
grading.  Perhaps  the  most  valuable  feature  of  the  shovels 
work  was  the  time  saved. 

As  soon  as  the  shovel  had  finished  enough  of  the  exca- 
vation to  insure  that  the  concrete  mixer  would  not  catch  up, 
the  work  of  placing  the  foundation  was  commenced.  The 
mixer  used  was  of  one  bag  capacity  and  was  run  by  a motor, 
which  took  current  directly  from  the  trolley  wire.  This 
machine  with  a gang  of  18  men  and  a foreman  was  able  to 
lay  nearly  500  feet  of  foundation  per  day.  After  the  con- 
crete had  aged  sufficiently  (one  week  or  10  days),  the 
track  laying  gang  started  the  placing  of  ties  and  rails.  After 
placing  500  feet  of  track  it  was  surfaced.  The  grade  could 
not  be  obtained  in  every  case  from  the  adjoining  pavement 
as  it  was  no  longer  on  a uniform  slope.  It  was  necessary 
to  take  levels  over  a distance  of  several  hundred  feet  and 
then  fit  a grade  to  the  conditions  differing  as  little  as  possi- 
ble from  the  original  grade. 

Immediately  after  the  track  had  been  surfaced  and 
lined,  the  mixer  which  had  already  reached  the  far  end  of 
the  track  was  removed  to  the  starting  end  and  the  work  of 
concreting  the  ties  in  place  and  putting  down  the  pavement 
foundation  was  commenced.  This  work  progressed  almost 
as  rapidly  as  did  the  work  of  laying  the  slab  foundation  so 
that  it  was  not  long  before  the  paving  gang  was  able  to  start 
its  work. 

Before  the  paving  was  begun  the  joints  were  cast 
welded.  A gang  of  12  men  with  a foreman  were  able  to 
cast  about  36  joints  per  day.  The  welder  used  consisted  of 
a cupola  mounted  on  wheels  with  a steam  engine  attached 
for  creating  the  necessary  power  for  blast.  All  joints  were 
ground  off  smooth  by  an  electric  grinder  made  by  the  Ker- 
win  Machine  Company.  This  machine  is  automatic  and  can 
grind  20  to  25  joints  per  day  depending  upon  the  hardness 
of  the  rails. 

After  the  entire  west  track  had  been  completed,  work 
was  started  on  the  east  track  and  carried  out  along  the 
same  lines.  The  organization  on  this  work  was  excellent 
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and  because  of  the  efficient  management  both  tracks  were 
completed  and  opened  to  traffic  within  a little  over  three 
and  one-half  months,  in  spite  of  the  fact  that  the  work  was 
hampered  by  bad  weather.  The  track  and  pavement  are  the 
equal  of  any  in  the  city  and  will  without  doubt  stand  up 
under  a good  many  years  of  hard  wear. 

SUMMARY  OF  ACTUAL  COSTS 

Excavation  (including  all  materials  and  labor) 

per  cu.  yd.  $0.39 

Track  Work  (materials  and  labor  for  remov- 
ing and  relaying)  per  ft.  single  track.  . . . 1.96 
Special  Work  (one  left  hand  turnout,  total 
length  84  ft.  with  labor  for  installing) 

per  ft.  of  track  turnout 6.54 

Cast  Welding  and  Grinding  per  Joint 5.08 

Drainage  per  foot  of  single  track 0.16 

Concrete  per  cubic  yard 3.68 

Paving  (materials  and  labor  for  laying  sur- 
face only)  1.09 

General  Expenses  (Engineering,  Watchmen, 

etc.,  per  foot  of  track 0.10 

Overhead  (changing  trolley,  etc.)  per  foot  of 

single  track  0.009 

Average  cost  of  entire  work  per  foot  of  single 

track  5.15 

Average  estimated  cost  per  foot  of  single 

track  5.62 

Net  saving  per  foot  of  single  track 0.47 
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AN  AMERICAN  STUDENT  S IMPRESSION  OF  A 
GERMAN  ENGINEERING  SCHOOL 

G.  A.  Wainwright,  ’ii 

“Purdue  University?  There  is  no  such  a thing.  I am 
quite  familiar  with  the  geography  of  America  and  there  is 
no  state  named  Purdue.”  This  was  my  own  rather  dis- 
couraging reception  at  a German  technical  school  and  it 
almost  led  me  to  believe  that  registrar’s  clerks  are  of  a cold 
and  suspicious  nature  the  world  over. 

I found  it  quite  impossible  to  pass  the  outer  guard  with 
my  Purdue  credentials,  but  on  presentation  of  my  high 
school  diploma — a very  pretentious  and  elaborate  document 
— I was  immediately  treated  with  the  deference  which 
should  be  due  the  proprietor  of  such  a paper.  My  Purdue 
diploma  might  be  all  right — he  still  had  his  doubts  that  I was 
working  a confidence  game — but  unless  I could  prove  that 
I had  attended  a high  school,  I was  not  of  the  elect.  His 
misunderstanding  of  course  arose  because  of  the  fact  that 
their  Hochschule  is  in  reality  the  high  school  of  the  country, 
and  since  the  entrance  requirements  for  foreigners  require 
the  attendance  at  some  high  school  he  was  not  aware  that  in 
our  use  of  the  term  it  is  a misnomer.  This  is  merely  an 
example  of  the  red  tape  which  all  German  public  institutions 
permit  to  hamper  them.  The  American  student’s  first  im- 
pression is  that  there  is  an  inexcusable  lack  of  system  to  the 
whole  organization.  This  idea  gradually  gives  way  to  a 
doubt  as  to  whether  or  not  there  is  really  too  much  system ; 
so  much  that  the  place  is  involved  and  entangled  in  it  until 
the  whole  effect  is  that  of  hopelessly  intertwined  red  tape. 
When  one  considers  the  appalling  fact  that  the  process  of 
matriculation,  which  we  require  about  twenty  minutes  to 
complete,  there  consumes  five  days,  it  is  easy  to  believe 
that  at  least  something  of  office  efficiency  has  been  sacrificed 
to  departmental  formulae. 

My  references  here  will  be  largely  to  the  Konigliche 
Technische  Hochschule  zu  Berlin  as  I am  more  familiar 
with  the  details  of  it  than  with  any  other.  First  your  cre- 
dentials must  be  filed  and  receipted  for  in  the  office  of  the 
secretary.  At  the  same  time  he  takes  from  you  a deposition 
concerning  your  personal  and  family  history  that  is  nothing 
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if  not  complete.  No  little  detail  can  escape  this  inquisitive 
question  blank  which  covers  everything  from  the  social  rank 
of  your  grandparents  to  the  number  of  murderers  in  your 
immediate  family.  There  intervenes  then  about  two  weeks 
while  a no  less  personage  than  the  Minister  der  Geistlichen 
Angelegenheiten  considers  your  credentials.  The  first  real 
important  step  in  matriculation  then  occurs  when  you  have 
your  prescribed  personal  meeting  with  the  rector.  He  is  an 
awe-inspiring  potentate  who  may  be  addressed  only  as  Buer 
Magnificence,  and  on  the  occasion  of  this  first  meeting  he 
grasps  each  new  student  by  one  hand  and  thrusts  into  the 
other  a bundle  of  entrance  papers  and  a small  library  of 
rules  and  regulations;  after  which  he  gives  a short  address 
of  welcome  strangely  reminiscent  of  what  many  American 
college  presidents  say  on  similar  occasions.  The  student 
then  lists  the  subjects  he  chooses  to  take  on  a paper  fur- 
nished for  the  purpose  and  turns  it  in  to  the  registrar  for 
him  to  calculate  the  fees.  Each  course  is  paid  for  indi- 
vidually and  the  instructor  usually  shares  in  the  money 
which  is  paid  by  his  classes.  A very  wise  provision  is  made 
in  the  collection  of  a trifle  for  the  academic  sick  fund  which 
insures  the  student  free  medical  attention  and  very  cheap 
medicines  and  nursing. 

After  only  a short  delay- — two  or  three  days — the  paper 
containing  the  student’s  planned  work  is  returned  to  him, 
and  a day  or  so  later  an  opportunity  given  to  pay  the  fees. 
The  paper  need  be  signed  by  the  head  of  the  general  science 
department  and  each  professor  under  whom  work  has  been 
elected  and  the  student  is  ready  to  start.  The  choice  of  sub- 
jects is  left  absolutely  to  one’s  own  sweet  will.  The  cata- 
logue even  apologizes  for  grouping  them  under  department 
headings,  saying  that  in  so  doing  it  is  not  attempting  to  in- 
fluence or  restrict  the  student’s  choice  of  subjects,  but  begs 
to  recommend  what  is  a very  good  course.  To  one  who 
has  ever  attended  a school  where  the  catalogue,  with  full 
knowledge  and  consent  of  the  faculty,  plainly  intimates  that 
you  “may  take  the  following  named  subjects  in  the  follow- 
ing named  order,  or  you  may  seek  your  education  else- 
where,” this  becomes  a real  lark.  To  be  sure,  in  order  to 
qualify  for  an  examination  a certain  list  of  things  must  have 
been  taken,  but  if  the  student  prefers  to  take  the  senior  year 
first  or  chooses  to  spread  the  four  years’  work  out  over 
eight,  no  great  obstacle  will  be  placed  in  his  way. 
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Attendance  is  also  purely  elective.  If  you  attend 
classes,  no  one  will  know  it,  nor  will  they  if  you  do  not. 
There  are  no  roll  calls.  In  the  beginning  the  rector  advises 
the  student  to  attend  classes  “as  often  as  convenient,”  but 
there  is  no  attendance  committee  to  encourage  the  adoption 
of  this  advice.  Men  occasionally  attend  only  the  two  times 
a semester  which  are  necessary  for  the  signing  of  their 
Anmcldehogen  and  trust  to  home  study  and  diligent  cram- 
ming to  pass  the  examinations.  In  technical  schools  there 
are  two  of  these  examinations : a preliminary  after  two 
years  and  a final  at  the  end  of  four,  which  when  passed 
leads  to  the  degree  of  Diplom-Ingenieur.  These  are  most 
thorough  and  grilling  affairs  and  it  is  safe  to  say  that  with- 
out real  knowledge  of  the , subjects  they  are  impossible. 
They  are  both  written  and  oral  and  the  final  thesis  or  Arbeit 
must  be  an  enormous  affair  and  represent  practically  a 
year’s  hard  work.  The  oral  quiz,  though  held  in  the  morn- 
ing, must  be  attended  in  full  evening  clothes  by.  both  stu- 
dents and  professors.  They  regard  this  the  most  important 
moment  in  a man’s  life  and  they  do  not  propose  to  have  the 
dignity  of  the  occasion  marred  by  anything  as  frivolous  as 
a red  necktie. 

The  most  lavish  thing  about  a German  school  is  the 
vacations.  The  school  even  starts  with  one ! For  three 
weeks  after  the  announced  opening  of  school,  not  a class  is 
held.  The  German  people  present  a strange  paradox  in 
their  observance  of  rules.  It  is  well  known  how  implicitly 
they  obey  their  signs  of  ccverboten}  and  how  countless 
absurd  regulations  are  adhered  to  to  the  letter,  simply  be- 
cause they  are  regulations,  and  yet  in  other  cases  hard  and 
fast  laws  are  consistently  ignored  for  years  without  any 
apparent  reason.  Their  Christmas  vacation,  nominally  of 
two  weeks  becomes  three  in  practice  and  a like  period  at 
Easter  stretches  into  a month.  Frequently  other  single  days 
and  week  ends  are  interspersed  throughout  the  year  and 
make  quite  a large  total : Thanksgiving,  Ascension  Day, 
Whitsuntide,  the  Kaiser’s  birthday,  etc.  At  the  end  of  the 
school  year  the  students  commence  going  home  two  weeks 
to  a month  before  the  real  closing  date  and  the  professor 
himself  calmly  closes  up  shop  and  quits  when  the  last  one 
has  left. 

The  actual  work  done  is  almost  exclusively  by  lecture 
and  in  laboratories.  A view  is  shown  of  a large  lecture 
room  in  Koniglichc  Technische  Hochschulc  zu  Berlin.  The 
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large  circle  to  the  left  is  a picture  screen.  The  projection 
apparatus  is  directly  in  front  of  it  and  hence  may  be  oper- 
ated by  the  lecturer  without  an  assistant.  The  black-board 
is  in  three  sections,  each  of  which  may  be  raised  inde- 
pendently by  hydraulic  pressure  to  permit  those  in  the  rear 
to  see  the  entire  board.  In  some  cases  the  colloquium  and 
seminar  correspond  in  a fashion  to  our  recitations,  but  these 
occur  in  only  a few  subjects.  It  is  in  the  personnel  of  the 
lecturers  that  the  great  and  incalculable  superiority  of  the 
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German  technical  school  over  the  American  is  manifested. 
These  men  are  the  acknowledged  superiors  in  every  line  of 
work  in  the  Empire.  When  a man  has  done  so  much  and 
accomplished  so  many  things  that  the  nation  is  at  a loss 
how  further  to  reward  him,  he  is  presented  with  the  title  of 
“Professor”  and  he  becomes  a man  apart,  for  this  is  an 
honor  respected  and  revered  as  no  other  in  civil  life.  I have 
in  mind  a man  who  rose  from  the  ranks  as  a shop  foreman, 
through  factory  superintendencies  and  managerships  until 
his  fame  was  nation-wide  and  he  was  regarded  in  the  me- 
chanical world  as  a marvel  of  skill  and  inventiveness,  and 
when  through  his  wonderful  organizing  ability  he  had  at- 
tained to  a place  in  industry  second  almost  to  none,  he 
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received  a royal  command  from  the  Kaiser  to  go  to  Char- 
lottenburg  and  teach  school.  It  speaks  much  for  the 
efficacy  and  good  standing  of  a school  system  when  a man 
like  the  betitled  Herr  Geheimer  Oberregicrungsrat  Profes- 
sor Doctor-Ingenieur  honoris  causa  A.  Martens,  a man 
whose  connection  with  the  steel  industry  will  never  be  for- 
gotten, still  cares  to  ally  himself  with  the  instructional  staff 
of  a technical  academy. 

Germany  takes  her  schools  seriously.  The  student  is 
in  an  exalted  class  in  their  society,  and  in  a land  where  caste 
is  a so  vital  consideration,  his  enviable  position  lends  a tone 
to  the  whole  educational  scheme  that  is  an  enormous  factor 
in  making  the  schools  what  they  are.  He  is  the  idol  of  the 
people  in  his  gay-colored  cap  and  his  ribbons,  and  his  huge 
scars  excite  admiration  wherever  he  goes.  He  may  visit 
the  royal  theaters  at  a fraction  of  the  admission  price  and 
the  royal  museums  free  of  charge.  He  even  carries  a card 
which  makes  him  exempt  from  arrest,  but  he  in  turn  in  the 
full  consciousness  of  noblesse  oblige  does  not  abuse  this 
concession.  (Let  us  shudder  to  think  what  would  happen 
to  some  of  the  landmarks  of  Lafayette  a few  hours  after 
some  such  cards  were  issued  at  Purdue.) 

I have  heard  so  many  times  the  query,  “Is  it  any  value 
to  an  engineering  student  to  study  in  Germany?  Are  there 
not  more  and  better  schools  in  America  ?”  Let  me  say  most 
emphatically  that  there  is  value,  and  great  value  in  it.  We 
have  long  conceded  that  we  are  a nation  of  engineers  and 
that  most  of  the  work  of  importance  that  has  been  done  in 
mechanical  and  civil  lines  has  been  done  here.  Blinded  by 
our  own  glory,  we  have  scorned  the  Germans  as  a nation  of 
school  teachers  and  scientists,  and  have  failed  to  note  that 
in  their  slow  and  painstaking  path  through  the  complicated 
ways  of  theory,  they  have  come  upon  countless  practical 
discoveries,  and  just  as  surely  as  they  are  becoming  the 
admitted  leaders  of  the  world  in  commerce,  so  surely  will 
they  be  able  to  give  the  United  States  a furious  struggle  to 
maintain  her  world  supremacy  in  manufacture.  They  have 
practiced  scientific  management  under  other  names  for 
years  and  with  that  sharp  faculty  for  assimilation  which 
characterizes  them  they  have  absorbed  all  that  is  being  done 
elsewhere  and  the  result  is  one  may  look  in  vain  for  more 
modern  and  efficient  shops  than  are  found  in  Germany.  The 
value  of  their  schools  lies  primarily  in  the  caliber  of  the 
men  associated  with  them  and  the  limitless  opportunity  for 
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individual  research  in  well  equipped  laboratories  with  the 
counsel  of  these  same  highly  competent  men  always  at  hand. 
The  secondary  value  and  one  by  no  means  to  be  overlooked 
is  the  opportunities  they  offer  of  permitting  a man  to  get  an 
entirely  different  angle  on  affairs  in  general  and  to  learn 
how  other  people  think  things  out. 

Their  instructional  methods  are  painstaking  and  ac- 
curate. The  lectures  read  to  the  student  are  largely  the 
result  of  the  personal  investigation  of  the  lecturer.  He 
takes  nothing  for  granted  and  quotes  other  authorities 
whose  work  he  has  not  personally  verified  only  under  pro- 
test. The  work  is  inclined  to  be  very  theoretical  and  for 
this  reason  it  would  be  of  little  value  for  one  not  a graduate 
of  engineering  to  study  there.  One  must  know  the  funda- 
mentals and  be  able  to  select  for  himself  the  valuable  from 
the  “of  scientific  interest  only”  or  the  work  would  be  a maze 
of  hopelessly  useless  matter  which  is  in  no  wise  simplified 
by  the  strange  surroundings  and  stranger  tongue.  To  il- 
lustrate, I recall  a very  distinguished  lecturer’s  exposition 
of  the  so-called  diamond  point  lathe  tool.  He  set  the  point 
of  the  tool  at  the  origin  of  3-axial  coordinates;  developed 
each  surface  on  the  various  planes  of  reference  by  descrip- 
tive geometry;  and  finally  evolved  equations  for  all  the 
surfaces  and  lines  bounding  the  tool.  While  this  makes  a 
very  interesting  two  hour  discourse,  it  might  be  a little 
vague  to  an  American  sophomore  how  it  applied  to  machine 
shop  practice.  They  give  almost  no  shop  work  but  in  lec- 
tures detail  every  possible  operation  so  fully  that  a man  of 
any  practical  experience  at  all  can  follow  them  closely. 
Students  who  take  examinations  are  required  to  produce 
evidence  of  a year’s  work  in  some  shop  along  the  line  of 
their  course. 

The  laboratory  facilities  are  bestowed  with  a lavish 
hand  in  most  of  the  schools.  The  Konigliche  Technische 
Hochs chide  in  Charlottenburg  has  an  engineering  laboratory 
that  cost  more  than  two  million  dollars.  The  opportunity 
for  individual  research  is  such  that  the  American  student 
will  find  he  can  not  duplicate  in  his  own  country.  Limitless 
time  is  at  his  disposal  and  if  his  work  is  meritorious,  almost 
any  equipment  he  suggests  will  be  obtained  for  him. 

The  undergraduate  laboratories  are  very  unlike  ours. 
The  rules,  for  instance,  say  that  “the  student  is  earnestly 
requested  to  hand  in  his  report  on  experiments  performed, 
for  his  own  good.”  I do  not  recall  that  this  form  of  ob- 
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taining  reports  is  used  at  Purdue  University.  The  reports 
themselves  are  purchasable  in  printed  form  and  only  the 
actual  data  and  calculated  results  are  necessary  to  complete 
them.  In  the  laboratory,  there  are  servants  who  start  the 
engines,  fire  the  boilers,  open  hot  indicator  cocks  and  clean 
the  machinery  after  tests.  The  student  is  rather  above 
menial  labor.  It  is  also  quite  right  and  proper  for  some 
one  to  relieve  any  suffering  fellow  student  while  he  goes 
over  to  the  bar  in  the  main  building  for  some  beer  or  coffee. 
It  is  interesting  to  note  that  the  engineering  laboratory  is 
treated  purely  as  an  aid  to  design  rather  than  as  a training 
school  for  operation  of  power  equipment.  For  example, 
when  we  examine  an  engine  for  most  efficient  cut-off,  they 
would  probably  experiment  on  various  shapes  of  D-valves. 

Inspection  trips  are  frequent  and  very  well  conducted. 
They  are  made  up  only  from  the  hearers  of  the  particular 
lectures  which  they  are  to  supplement  and  are  hence  very 
small  parties.  The  factories  inspected  feel  so  signally  hon- 
ored by  the  visit  of  the  students  that  they  spare  no  pains  to 
show  their  appreciation.  Excellent  meals  and  unlimited 
beer  are  always  served  to  the  students  at  these  plants  and 
addresses  of  welcome  and  many  little  attentions  are  fairly 
showered  on  them.  These  opportunities  to  see  up-to-the- 
minute  manufacturing  and  systems  for  promoting  factory 
efficiency  which  would  most  certainly  not  be  available  to  an 
American  in  any  other  capacity  than  as  a student  are  in 
themselves  well  worth  the  trip  over  there. 

The  German  students  are  companionable  fellows  and 
really  little  different  from  us  if  we  disregard  the  super- 
ficialities. In  general  they  are  four  or  five  years  older  than 
men  in  the  corresponding  school  years  in  the  United  States, 
but  this  applies  in  all  professions.  With  the  German  prone- 
ness to  enjoy  life  a little  as  he  goes  along  and  not  rush  into 
it  and  have  it  all  over  at  once,  very  few  professional  men 
complete  their  education  and  become  self-supporting  before 
they  are  thirty.  This  added  age  and  the  natural  tempera- 
ment causes  them  to  assume  a dignity  quite  foreign  to  the 
American  student.  There  is  no  noisy  relaxation  between 
classes  and  jokes  like  campus  tickets  and  ohm-sifter  requisi- 
tions are  quite  unknown.  They  take  their  places  quietly  at 
lectures  and  sit  respectfully  throughout  them,  scuffing  their 
feet  perhaps  if  the  professor  does  not  speak  loudly  enough, 
but  never  throwing  chalk  or  playing  catch  with  erasers  when 
his  back  is  turned.  They  read  daily  and  religiously  the 
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notices  that  are  posted  on  the  black  bulletin  board  and  never 
is  there  a pencil  scrawl  on  the  margin  of  an  official  notice 
“letters  poor,”  “do  over,”  although  they  do  occasionally 
make  a respectful  annotation  when  the  notices  carelessly 
refer  to  the  student  body  as  die  Studenten  instead  of  die 
Herren  Studenten. 

School  athletics  are  unknown — possibly  due  to  some 
difficulty  they  might  have  making  something  rhyme  with 
Konigliche  Technische  Hochschule  in  a yell — and  beer 
drinking  and  fencing  are  about  the  only  indoor  sports  that 
appeal  to  them.  These  are  not  as  exaggerated  as  is  often 
represented,  for  it  is  drilled  into  the  Fuchs  by  his  older 
“brothers”  from  his  first  day  in  school  that  he  must  never 
become  intoxicated  under  any  circumstances. 

Many  of  their  customs  are  amusing  and  interesting  in 
the  extreme.  Their  whole  attitude  toward  the  work  is  dif- 
ferent from  ours.  If  a lecturer  is  late,  they  do  not  cut  the 
class  promptly  at  five  minutes  after  the  hour,  but  sit  around 
and  wait  very  impatiently  for  him  to  arrive.  If  he  is  quite 
late  he  is  reprimanded  on  his  appearance  by  a loud  scuffing 
of  the  feet  on  the  floor.  Approbation  is  expressed  by 
stamping  and  one  soon  acquires  wonderful  aptness  in  this 
footwork  and  it  is  never  long  until  the  most  verdant  fresh- 
man is  able  to  scuff  promptly  when  an  assistant  drops  an 
eraser  or  stamp  furiously  when  the  lecturer  tells  some  par- 
ticularly good  professorial  joke.  (Professorial  jokes  are 
perennials  in  Germany  as  in  many  other  countries  and 
spring  up  annually  in  the  same  place)  The  seats  fill  up 
from  the  front,  not  from  the  rear,  and  many  go  to  class 
half  an  hour  early  in  order  to  secure  good  places.  The  pro- 
fessor enters  after  all  are  seated — never  before — and  greets 
the  students  with  a formal  bow,  which  they  often  return  by 
rising  in  their  places.  Important  school  functions,  such  as 
installing  a new  rector,  are  attended  by  representatives  of 
the  numerous  clubs  and  organizations  in  the  most  re- 
splendent of  uniforms  and  paraphernalia.  The  costumes 
present  a beautiful  mass  of  gorgeous  colors  and  the  sol- 
dierly bearing  of  the  men  make  these  gatherings  a truly 
imposing  sight. 

“Is  the  German  which  one  learns  in  two  years  in  college 
sufficient  to  meet  the  needs  of  an  American  student?”  It  is 
not.  But  added  to  this,  two  months  of  diligent  effort  in 
the  midst  of  German  speaking  people  will  enable  the  student 
to  understand  practically  everything.  The  cost  of  a year  in 
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Germany  of  course  depends  upon  the  man.  The  living  is 
about  as  expensive  as  it  is  here,  especially  in  the  larger 
cities.  The  tales  one  so  often  hears  about  the  ridiculously 
low  cost  of  living  are  myths  or  else  have  their  foundation  in 
the  past.  A thousand  dollars  should  cover  the  expense  of 
one  year  bountifully;  fifteen  hundred,  two  years — for  ex- 
perience is  a great  economizer. 

The  man  who  can  avail  himself  of  a year’s  study  in 
Germany  and  does  not  is  committing  a grave  crime  against 
himself.  I need  not  touch  on  the  cultural  advantages  of 
contact  with  this  the  most  artistic  and  philosophical  minded 
people  in  the  world,  nor  the  unexcelled  opportunity  to  hear 
better  music,  see  better  art  and  attend  better  drama  than  is 
offered  in  any  other  land,  but  purely  from  the  standpoint  of 
the  young  engineer  who  is  anxious  to  place  his  time  and 
capital  where  it  will  bring  him  the  greatest  return.  I am 
convinced  that  he  will  find  no  better  investment  than  a few 
semesters  in  a German  technical  school. 
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ELECTRICAL  HEATING  UNITS  AND  HEAT 
INSULATING  MATERIALS 

M.  E.  Louth,  ’13 

At  the  present  time,  there  are  four  ways  of  changing 
electrical  energy  into  heat:  first,  by  the  Joulean  effect;  sec- 
ond, by  the  electric  arc ; third,  by  the  electric  spark ; and 
fourth,  by  electrolysis.  In  small  electrical  heating  devices 
the  Joulean  effect  is  used.  Since  this  effect  depends  directly 
upon  the  electrical  resistance  of  the  circuit,  the  question  of 
electrical  heating  is  diverted  immediately  to  finding  an  elec- 
trical conductor  which  has  a high  resistance,  and  which  shall 
together  with  this  property  have  a reasonable  manufactur- 
ing cost  and  good  lasting  qualities.  Such  a conductor  has 
been  found  in  a nickel-chromium  alloy  which  is  manufac- 
tured under  various  names,  though  the  fundamental  chem- 
ical formulae  and  qualities  vary  only  slightly. 

The  question  of  unit  construction  now  has  to  be  con- 
sidered. Will  convection  or  conduction  be  better  is  the 
question  which  every  heating  engineer  has  to  answer  when 
designing  a new  device.  A very  common  type  of  convec- 
tion unit  is  found  in  the  street  car  heater  of  today.  A heli- 
cal coil  of  wire,  wound  either  on  an  insulator  or  suspended 
in  air,  is  allowed  to  come  in  contact  with  cold  air.  A con- 
vection of  heat  follows,  carrying  the  heat  to  the  parts  of 
the  car  desired. 

The  conduction  type  of  unit  is  well  illustrated  in  the 
electric  flat  iron  unit.  The  fundamental  construction  con- 
sists in  winding  an  insulator,  such  as  mica,  with  a flat  re- 
sistance wire,  the  unit  being  insulated  on  each  side  by  mica, 
and  then  clamped  securely  against  the  metal  part,  which 
acts  as  the  heat  conductor.  The  larger  part  of  the  heating 
devices  on  the  market  at  this  time  are  constructed  in  this 
manner. 

The  entire  field  of  electrical  heating  elements  designed 
with  round  resistance  wire  is  covered  in  hot  air  heaters,  elec- 
tric grills,  horizontal  toasters,  and  immersion  water  heaters. 
The  unit  is  wound  on  a lathe  or  turning  device.  A slight 
pull  on  the  unit  spreads  the  coils  and  eliminates  danger  of 
short  circuiting  any  section.  The  resistance  wire  may  be 
carried  directly  to  the  terminal  plugs,  but  it  is  more  advis- 
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able  to  end  the  heating  unit  on  one  of  the  supports  and 
run  a low  resistance  wire,  such  as  copper  or  nickel,  from 
the  end  of  the  unit  to  the  plug.  This  method  eliminates  a 
conduction  of  the  heat  to  the  plug,  which  will  in  turn  de- 
crease the  chance  of  plug  failure.  The  construction  of  units 
of  this  kind  is  very  simple  and  leaves  only  the  one  problem 
for  the  designing  engineer  in  determining  what  shall  be  used 
to  support  the  resistance  wire.  Obviously,  it  must  possess 
three  qualities.  First,  it  must  be  a non-conductor  of  elec- 
tricity ; second,  it  must  be  able  to  withstand  a temperature 
of  700  to  800  degrees  Fahrenheit;  and  third,  it  must  possess 
enough  mechanical  strength  to  eliminate  danger  of  break- 
age. The  problem  has  been  partially  solved  by  the  use  of 
asbestos  board,  which,  however,  is  not  completely  satisfac- 
tory on  account  of  its  mechanical  properties.  This  ma- 
terial is  best  known  as  “Tegit.” 

Passing  now  to  the  more  common  flat  wire  unit,  the 
problem  of  electrical  insulation  is  still  the  main  one.  Trouble 
arises  from  the  fact  that  all  electrical  insulators  are  unfor- 
tunately good  heat  insulators.  If  this  were  not  the  case, 
the  flat  wire  could  be  wrapped  upon  a thin  sheet  of  insula- 
tion with  the  same  material  on  each  side,  and  then  clamped 
securely  to  the  plate  to  be  heated.  Since  this  ideal  electric 
insulator  allows  the  heat  to  pass  through  directly  to  the 
plate,  the  wire  and  the  plate  will  be  at  practically  the  same 
temperature.  That  would  mean  the  end  of  the  engineer’s 
trouble.  Burn  outs  and  punctures  through  the  insulation 
would  be  a thing  of  the  past,  for  these  are  due  to  the  ex- 
tremely high  temperatures  at  which  it  is  necessary  to  main- 
tain the  wire  in  order  to  obtain  the  necessary  amount  of 
heat  at  the  point  of  utilization.  Since  this  ideal  has  not 
been  reached,  we  naturally  turn  to  that  material  which  ap- 
proaches these  ideal  requirements.  The  field  narrows  down 
to  the  two  general  classes — a fire  proof  combination  in 
which  the  wire  may  be  imbedded,  or  mica,  on  which  the 
wire  may  be  wound. 

In  using  the  imbedded  system,  the  material  must  be  at 
least  0.015  inches  thick.  This  means  that  a large  per  cent 
of  the  heat  is  lost  in  being  forced  through  to  the  heating 
plate,  and  that  the  efficiency  is  correspondingly  low.  In  this 
type  of  unit,  the  air  does  not  come  in  contact  with  the 
wire,  which  construction  eliminates  any  danger  of  oxida- 
tion. This  is,  however,  of  secondary  importance,  since  the 
nickel-chromium  alloys  oxidize  only  to  a very  small  extent. 
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This  leads  us  to  the  consideration  of  the  mica  wound 
unit.  A notched  piece,  or  arbor  upon  which  the  wire  is 
wound,  is  placed  between  two  pieces  of  mica  and  clamped 
to  a heating  plate.  Mica  can  be  used  as  thin  as  0.005  °f  an 
inch,  and  will  conduct  the  heat  fully  as  well  as  a fire  proof 
clay  or  varnish.  Not  only  does  the  mica  wound  unit  pos- 
sess this  added  quality,  but  it  is  less  difficult  to  construct, 
and  if  a burn  out  should  occur,  the  renewal  is  but  a few 
minutes’  work.  Mica,  however,  is  very  expensive,  especially 
in  large  pieces.  The  growing  demand  for  this  type  of  unit 
has  lead  to  the  manufacture  of  “Micabond,”  which  is  scrap 
mica,  held  together  by  a cement.  The  factor  of  safety  de- 
mands that  it  be  used  not  less  than  0.010  of  an  inch  thick. 
The  cement,  or  binder,  burns  out  as  soon  as  heat  is  applied, 
but  since  the  pieces  are  clamped  between  plates,  no  damage 
results.  The  binder  used  in  Micabond  has  a detrimental 
effect  on  resistance  wire,  since  a chromium  oxide  forms  on 
the  outside  of  the  wire,  when  burned  at  a high  temperature. 
For  this  reason,  pure  mica  should  be  used  in  all  places  where 
the  cost  over  Micabond  is  not  prohibitive.  Most  types  of 
heating  devices  may  be  designed  by  the  methods  which  have 
been  indicated.  Heating  pads  are  an  exception  to  the  rule. 
It  may  be  necessary  to  have  a unit  which  may  be  bent  or 
rolled  into  any  shape  without  short  circuiting  or  harming 
it  in  any  way.  To  meet  this  demand,  a resistance  wire 
wound  with  an  asbestos  cord  is  used.  The  wire  is  bent 
back  and  forth,  and  is  stitched  to  the  sides  of  the  pad  to  hold 
it  in  place.  The  efficiency  of  the  pad  is  very  low.  This, 
however,  is  not  made  a point  in  the  design  of  the  pad,  since 
the  wattage  is  extremely  low — the  average  pad  runs  about 
fifty  watts. 

In  small  electrical  apparatus,  such  as  irons,  toasters, 
hot  plates,  and  air  heaters,  it  is  not  practical  to  attempt  to 
prevent  loss  of  heat  by  using  a heat  insulating  packing.  If 
we  should  take  heating  units,  such  as  have  been  described, 
and  place  them  in  or  around  an  oven,  we  would  have  a 
workable  electric  stove.  The  efficiency  would  be  very  low, 
and  the  cost  of  cooking,  when  compared  to  the  cost  when 
coal,  wood,  or  oil  is  used,  would  be  prohibitive.  An  electric 
stove,  unless  built  on  a fireless  cooker  principle,  will  be  a 
failure  commercially.  In  designing  a fireless  cooker,  two 
questions  have  to  be  settled.  First,  what  material  shall  be 
used  as  the  heat  insulator,  and  second,  how  thick  shall  the 
wall  of  insulation  be  made. 
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To  solve  the  first  problem,  apparatus  consisting 
of  two  sheet  iron  boxes  with  one  inch  space  between 
the  inner  and  outer  box  was  constructed.  The  tops 
of  the  boxes  were  covered  by  a thick  sheet  of  as- 


bestos board  to  prevent  a loss  of  heat  upward.  Four 
thermometers  were  used,  two  being  placed  on  opposite  walls 
of  the  inner  box,  and  two  on  the  outside  of  the  outer  box. 
The  average  of  each  pair  was  used  as  the  true  reading.  The 
material  to  be  tested  was  packed  between  the  two  boxes 
and  covered  over  with  the  asbestos  sheet.  The  source  of 
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heat  placed  as  nearly  as  possible  in  the  center  of  the  inner 
box.  A sixty  watt  lamp  at  a constant  voltage  was  used  to 
give  the  constant  heat  required.  Every  precaution  wa.s 
taken  to  keep  the  test  room  at  a constant  temperature,  and 


Fig:.  2. 

to  keep  all  drafts  away  from  the  outside  thermometers. 
All  kinds  of  materials  that  might  in  any  way  be  used  for 
installation  were  tested  in  this  manner.  The  tests  would 
not,  of  course,  show  the  efficiency  of  any  one  insulator,  but 
would  give  a comparison  of  the  different  efficiencies. 

Three  sets  of  curves  shown  in  Figs,  i,  2,  and  3,  were 
plotted  for  the  best  insulators.  The  curves  for  air  are  also 
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included  to  give  a standard  for  comparison  purposes.  Fig.  i 
shows  curves  with  the  temperature  of  the  inside  box  plotted 
against  the  duration  of  time  in  hours  that  the  test  was  run. 
The  temperature  plotted  in  all  curves  is  about  that  of  the 


Fig.  3. 

room.  Fig.  2 is  a group  of  similar  curves,  with  the  ordi- 
nates showing  the  increases  in  temperature  of  the  outside 
box,  which  depends  directly  upon  the  amount  of  heat  that 
leaks  through  the  insulation.  Fig.  3 is  a combination  of 
the  curves  shown  in  Figs.  1 and  2,  with  the  ordinates  sub- 
tracted. The  new  ordinate  represents  the  amount  of  heat 
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which  the  insulator  has  retained,  and  therefore,  will  give 
comparative  results  of  the  tests  of  the  different  insulators. 

It  is  interesting  to  note  in  curves  how  quickly  the  air 
insulation  reaches  its  equal  radiation  point.  That  is,  after 
an  hour  and  a half  the  amount  of  radiation  just  equalizes 
the  amount  of  heat  generated  by  the  lamp.  From  that  time, 
the  curves  continue  in  straight  lines  parallel  to  the  time  axis. 
It  is  also  interesting  to  note  how  closely  the  curves  for 
magnesia  and  kieselguhr  follow  each  other.  The  magnesia 
used  was  of  the  common  powdered  variety  and  is  familiar 
to  every  one.  Kieselguhr,  which  in  English  means  infuso- 
rial earth,  is,  as  the  name  implies,  a fire  proof  material.  Its 
general  appearance  is  very  similar  to  that  of  magnesia.  It 
is  a dull  white,  and  feels  very  much  like  a poor  grade  of 
baking  flour. 

Mineral  wool  is  a tough  fibrous  material,  resembling 
to  a large  extent  rough  wool.  It  has  been  the  standard  heat 
insulator  for  fireless  cookers  for  years.  E.  X.  fiber  and  as- 
bestos cement  are  both  compounds  of  long  fiber  asbestos. 
Both  are  fireproof. 

Fig.  3,  which  gives  the  net  results  of  the  tests,  shows 
that  mineral  wool,  magnesia,  and  kieselguhr  are  the  best 
insulators.  Magnesia  may  be  eliminated  at  once,  since  its 
cost  is  greater  than  that  of  kieselguhr  and  its  advantages 
are  not  greater.  This  narrows  the  field  to  mineral  wool  and 
kieselguhr.  Mineral  wool  has  one  distinct  advantage  over 
kieselguhr.  It  can  be  packed  around  an  oven  without  mak- 
ing the  containing  box  absolutely  tight.  Mineral  wool,  due 
to  its  fibrous  make-up,  does  not  have  a tendency  to  leak 
through  every  crack.  Kieselguhr  will  sift  through  every 
seam  and  crevice,  and  when  it  is  used,  all  cracks  and  seams 
must  be  closed  with  stove  putty  or  sodium  silicate.  Kiesel- 
guhr being  light  and  cheap  is  considered  to  be  the  proper  in- 
sulator for  fireless  cooker  work.  The  thickness  of  wall 
used  depends  upon  the  amount  of  heat  that  the  designer 
wishes  to  retain.  The  thicker  the  insulation,  the  smaller 
the  amount  of  heat  that  is  lost,  but  the  greater  the  cost  of 
insulation.  The  happy  medium  for  good  fireless  cooker 
work,  is  between  two  and  one-half  inches  and  three  inches. 
Above  three  inches,  the  added  cost  of  insulation  overbal- 
ances the  added  efficiency.  As  an  example  of  the  insulating 
properties  of  kieselguhr,  an  oven  was  heated  to  380°  F. 
and  at  the  end  of  three  hours,  the  oven  thermometer  re- 
corded 362°,  which  means  an  efficiency  of  approximately 
95  per  cent,  for  the  three  hours’  test. 
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COMMERCIAL  ELECTRICITY 

I.  M.  KiRiviN,  ’13 

Ten  years  ago  the  commercial  department  of  the  aver- 
age central  station  received  little  consideration  by  the  direc- 
tors of  the  public  service  companies.  New  business  was 
handled  in  the  simplest  way  by  inexperienced  men  with  no 
technical  knowledge  of  what  they  were  selling  and  what 
it  would  be  used  for.  While  the  business  of  the  central 
station  was  taking  care  of  itself,  great  effort  was  exerted 
toward  increasing  the  efficiency  of  operation  of  the  station, 
both  by  the  manufacturer  and  station  operator.  Rapid  de- 
velopments in  highly  efficient  generating  and  distributing 
equipment  in  the  last  few  years  served  to  arouse  the  dor- 
mant central  station  business. 

The  first  promoter  to  seriously  consider  the  commer- 
cial side  of  the  central  station  business  was  Mr.  Samuel 
Insull,  president  of  the  Commonwealth  Edison  Co. — the 
largest  central  station  company  in  the  world — and  allied 
companies  capitalized  at  more  than  570  million  dollars.  The 
commercial  efforts  of  the  Commonwealth  Edison  and  allied 
companies  have  resulted  in  much  greater  use  of  household 
and  industrial  electrical  appliances,  a rapid  increase  in  the 
industrial  power  load,  and  increased  residential  business  on 
existing  distribution  lines. 

The  recent  inauguration  of  Public  Service  Commis- 
sions by  several  states  has  led  to  considerable  discussion 
among  central  station  directors.  The  general  opinion  of 
promoters  is  that  these  commissions  will  work  to  the  ad- 
vantage of  both  the  public  service  companies  and  the  pub- 
lic served.  Some  such  system  was  advocated  by  Mr.  Insull 
twenty-five  years  ago. 

The  development  of  highly  efficient  turbo-generators, 
transforming  apparatus,  and  distribution  of  systems  has 
had  so  great  an  effect  on  the  central  station  business  that  a 
system  of  merchandising  electricity  has  resulted.  Generat- 
ing units  of  25  and  30,000  K.  V.  A.  have  replaced  smaller 
and  less  efficient  units.  Highly  efficient  transformers  and 
transmission  line  constructions  are  serving  to  stimulate  the 
growth  of  the  centralized  generating  stations  with  general 
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transmission  to  the  distributing  points  or  sub-stations.  In 
the  rural  districts  especially,  is  this  latter  system  rapidly 
replacing  the  local  generating  station.  All  business  of  the 
company  is  governed  by  the  central  office  of  the  system,  the 
operation  of  the  various  stations  or  sub-stations  being 
governed  by  the  “System  Operator.”  From  his  office  all 
instructions  to  the  local  superintendents  and  the  various  de- 
partments are  sent  out  over  private  telephone  systems.  The 
station,  operating  transmission  lines,  often  secures  a con- 
siderable power  load  by  connecting  with  mines  and  pump- 
ing stations.  The  transmission  line  is  sometimes  tapped 
where  the  connected  load  warrants,  to  furnish  power  to 
farms.  Each  tap  on  a high  tension  line  weakens  the  sys- 
tem, and  where  continuous  service  is  of  great  importance 
taps  for  small  loads  are  avoided.  A duplicate  line  is  fre- 
quently run  to  important  rural  installations  to  avoid  any 
interruption  of  service. 

The  Commonwealth  Edison  Company  maintains  sev- 
eral large  installations  of  storage  batteries  floating  on  the 
line  to  assure  continuity  of  service,  which  is  being  recog- 
nized more  and  more  as  an  essential  in  securing  business  for 
the  central  station.  If  all  of  the  generating  stations  in  Chi- 
cago went  out  of  service  at  one  time,  service  would  be  main- 
tained by  reserve  storage  battery  capacity  alone  for  a period 
of  30  minutes. 

The  effect  of  the  introduction  of  tungsten  lamps  upon 
the  public  service  company  has  been  a subject  for  consid- 
erable discussion  in  central  station  circles.  The  objection 
was  raised  that  the  higher  efficient  lamp  would  reduce  the 
revenue  to  the  Company.  Data  collected  by  the  National 
Electric  Eight  Association,  however,  proves  the  contrary. 
Instead  of  the  consumers’  bills  decreasing,  the  amount  of 
light  used  increased  to  such  an  extent  that  the  bills  were 
practically  the  same  as  before ; the  illumination  greatly  im- 
proved ; and  complaints  were  fewer.  Since  this  investigation, 
there  has  been  put  on  the  market  the  latest  development  in 
illuminants,  the  Nitrogen  Vapor  Lamp,  with  an  efficiency 
of  one-half  watt  per  candle.  That  this  lamp  will  meet  with 
general  approval  by  public  service  companies  is  little  doubt- 
ed, since  the  report  of  the  investigation  on  the  effect  of  tung- 
sten lamps.  The  tungsten  lamp  enables  the  central  station 
to  compete  favorably  with  gas  as  to  cost,  and  the  nitrogen 
lamp  is  expected  to  deal  the  gas  arc  its  death  blow  for  com- 
mercial lighting. 
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New  Parsons,  25,000  k.  v.  a.  horizontal  type  unit  made  in  England  being  installed  in  Fisk  Street  Station.  The  overall  length  is 
54  feet.  All  auxiliary  apparatus  is  placed  beneath  it,  and  is  motor  driven. 
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The  most  important  factors  to  be  considered  by  the 
commercial  department  of  the  service  company  are  the  load 
factor  and  the  diversity  factor.  The  load  factor  is  of  prime 
importance  and  is  defined  as  the  ratio  of  the  average  load  to 
maximum  load.* 

The  load  factor  of  the  Commonwealth  Edison  Com- 
pany is  .46.  The  importance  of  a high  load  factor  is  evi- 
dent when  its  effect  on  the  cost  of  energy  is  considered. 
For  example,  the  cost  per  unit  of  energy  sold  may  be  ap- 
portioned as  follows — in  large  stations  overhead  charges 
equal  55  per  cent  and  operating  charges  45  per  cent;  in 
small  stations  the  overhead  costs  and  operating  costs  per 
unit  of  energy  sold  are  nearly  equal.  Assume  a station  to 
have  a load  factor  of  .20,  which  is  not  uncommon  in  an  un- 
developed territory.  The  cost  per  unit  of  energy  sold  will  be 
taken  as  10  cents ; one-half  of  this  cost  will  be  charged 
against  overhead  expenses  including  interest  on  capital  in- 
vested, depreciation,  taxes,  etc.  The  other  half  or  five 
cents  will  be  the  operating  cost  including  cost  of  fuel,  labor, 
etc.,  and  will  be  independent  of  the  amount  of  power  sold. 
If  the  load  factor  is  increased  to  .40  without  increasing  the 
maximum  or  peak  load  on  the  station,  the  primary  of  over- 
head portion  of  the  cost  per  unit  of  the  energy  will  be  half 
as  much  as  in  the  first  case,  since  the  output  of  the  station 
will  have  doubled.  Assuming  the  operating  cost  to  remain 
at  five  cents  per  unit  of  energy,  the  total  unit  cost  of 
energy  has  decreased  to  seven  and  a half  cents.  Thus,  not 
only  has  the  cost  of  energy  to  the  service  company  been 
reduced,  but  the  amount  of  energy  sold  has  doubled. 

The  load  factor  depends  largely  upon  the  diversity  fac- 
tor. The  ratio  of  the  sum  of  the  maxima  of  the  subdivi- 
sions of  any  part  of  the  system  to  the  coincident  maximum 
demand  observed  at  the  point  of  supply  is  called  the  diver- 
sity factor  of  that  part  of  the  system.  Thus  if  the  sum  of 
the  maxima  on  a group  of  customers’  meters  is  60  K.  W. 
and  the  coincident  maximum  at  the  transformer  serving 
them  is  20  K.  W.,  the  diversity  factor  between  consumers 
would  be  60/20  or  3.  The  average  diversity  factor  for 
residence  lighting  in  Chicago  is  3.35  ; for  commercial  light- 
ing, 1.46;  for  general  power,  1.3.  The  diversity  between 
transformers  on  the  same  feeder  is  1.4.  At  the  sub-stations 


♦The  National  Electric  Light  Association  has  defined  load  factor  as  the 
ratio  of  the  average  load  to  the  connected  load.  However,  in  the  next 
N.  E.  L.  A.  Handbook  this  definition  will  be  changed  to  consider  the  , 
maximum  instead  of  the  connected  load. 
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the  diversity  between  feeders  averages  1.15.  Where  there 
is  about  25  per  cent,  of  the  light  and  power  load  of  the  city 
which  has  a 7 130  p.  m.  maximum,  as  in  Chicago,  the  diver- 
sity between  sub-stations  is  1.1.  The  total  diversity  of  the 


Curve  Showing  Total  Load  Output  of  All  Stations  for  an  Average  Day. 
Peak  at  5:15  due  to  Railway  Load. 

system  is  the  continued  product  of  the  diversity  factor  be- 
tween consumers,  transformers,  feeders  and  sub-stations. 
The  total  diversity  factor  for  the  Chicago  system  for  all 
classes  of  service,  except  railway  load,  is  at  the  present  time 
2.64.  The  load  factor  of  all  classes  of  consumers  in  Chi- 
cago is  approximately  .23,  and,  due  to  the  diversity  from 
consumer  to  generating  station,  the  load  factor  of  the  sys- 
tem is  increased  to  .46. 

By  carefully  considering  the  load  factor  of  the  load  to 
be  connected,  and  its  diversity  with  other  connected  loads, 
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the  output  of  the  central  station  may  be  increased  greatly 
without  increasing  station  investment. 

The  fundamental  step  taken  by  the  new  business  or 
commercial  department  of  the  central  station  company  is  to 
establish  a just  rate  system.  Rates  must  be  charged  for 
any  particular  class  of  service  in  proportion  to  the  cost  to 
the  central  station  of  supplying  that  service.  Most  large 
central  station  companies  charge  for  service  according  to 
the  Hopkinson  and  the  Wright  systems,  or  a modification 
of  these  systems,  making  use  of  a double  sliding  scale  of 
rates  both  on  the  consumers’  maximum  demand  and  on  the 
K.  W.  hr.  consumption. 

Central  station  business  is  commonly  divided  into  two 
main  classes,  light  and  power,  and  subdivided  into  resi- 
dence, commercial,  and  industrial  business.  To  handle  the 
business  with  the  customer,  the  company  employs  light  sales- 
men and  power  salesmen.  Each  salesman  or  solicitor  is 
given  a particular  district  with  definite  limits  in  which  to 
work,  and  all  calls  or  applications  for  light  or  power  which 
are  not  taken  at  the  counter  or  over  the  telephone,  are 
turned  over  to  him.  These  salesmen  usually  receive  a sal- 
ary and  commission  on  the  new  business  secured  in  their 
district.  The  Commonwealth  Edison  Company  at  the  pres- 
ent time  employs  36  light  solicitors,  two  sign  solicitors,  with 
several  assistants,  and  18  power  salesmen  with  four  assist- 
ant power  salesmen.  It  is  the  duty  of  the  light  solicitor  to 
secure  contracts  for  all  kinds  of  lighting,  small  power  such 
as  fan  motors  and  electric  washers,  and  to  give  estimates 
on  small  wiring  jobs  of  less  than  six  outlets.  Larger  wir- 
ing estimates  are  handled  by  the  estimating  department.  A 
ruling  recently  passed  by  the  company,  requires  an  applicant 
for  a position  as  assistant  light  solicitor,  to  spend  six  months 
in  the  illuminating  department.  Of  the  18  power  salesmen, 
only  12  have  regular  assigned  districts.  The  other  power 
men  work  on  special  power  problems,  such  as  isolated 
plants,  electric  vehicles,  electric  railway,  and  general  power 
questions. 

The  contract  department  works  hand  in  hand  with  the 
salesmen  in  securing  new  business.  Several  per  cent,  of 
the  net  earnings  of  the  company  are  set  aside  each  year  for 
advertising  electric  service  by  means  of  elaborate  electric 
signs,  illuminated  billboards,  street  car  cards,  mail  matter, 
and  “ads”  printed  on  the  bills  submitted  by  the  company. 
The  bulk  of  this  advertising  applies  to  residential  business, 
though  good  results  have  been  obtained  through  the  use  of 
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booklets  published  by  the  National  Electric  Light  Associa- 
tion to  advertise  electric  service. 

The  residential  business  of  the  company  has  been  con- 
siderably increased  through  so-called  “house  wiring  cam- 
paigns.” For  several  weeks,  existing  unwired  houses  on 
the  company’s  lines  are  wired  at  cost.  As  an  added  induce- 
ment to  obtain  this  business,  an  electric  iron  is  sometimes 
given  with  each  contract  for  wiring  obtained  during  this 
campaign.  The  wiring  may  be  paid  for  in  24  monthly  pay- 


Curves  showing  the  profitable  result  to  the  Commonwealth  Edison  Co.  of 
systematized  commercializing  of  electricity. 

ments  and  may  be  done  by  the  central  station  company  or 
turned  over  to  local  contractors.  Considerable  discussion 
has  arisen  on  this  point  and  may  be  most  satisfactorily  set- 
tled in  specific  localities.  Some  central  station  companies 
report  the  securing  of  contracts  for  as  many  as  80  per  cent, 
of  the  available  residential  buildings  through  house  wiring 
campaigns. 


54 


Purdue  Engineering  Review 


Next  in  importance  to  the  wiring  campaign  is  the  ap- 
pliance campaign  to  increase  the  load  factor  and  total  con- 
sumption of  residential  customers.  In  these  campaigns, 
special  emphasis  is  put  on  one  particular  appliance  which 
is  most  easily  introduced,  commonly  the  electric  iron.  The 
Commonwealth  Edison  Company  appropriated  15,000  dol- 
lars to  be  used  in  an  electric  iron  campaign  which  was 
launched  in  March,  1913.  As  a result  of  this  campaign 
12,000  electric  irons  were  put  in  service  in  60  days,  and  at 
the  present  time  in  Chicago,  one  out  of  three  residence 
customers  uses  an  electric  iron.  The  revenue  from  each 
iron  is  approximately  40  cents  per  month,  which  is  an  in- 
crease of  20  per  cent,  in  the  customers’  bill.  This  spring 
a campaign  on  electric  percolators  will  be  launched  in 
Chicago. 

Before  leaving  the  residential  side  of  the  new  business, 
emphasis  should  be  placed  upon  the  importance  of  a simple 
method  for  the  residential  customer  to  secure  service.  It 
is  natural  for  this  type  of  customer  to  hesitate  to  place  a 
contract  for  service  when  he  feels  that  there  is  a great 
amount  of  “red  tape”  connected  with  it.  A simple  system 
employed  by  the  Commonwealth  Edison  Company  in  han- 
dling this  class  of  customer  is  to  take  the  application  over 
the  telephone  and  mail  the  contract  to  be  signed  after  the 
service  has  been  connected. 

Contracts  of  various  types  for  commercial  lighting, 
such  as  small  stores,  have  been  put  into  effect  by  the  Com- 
monwealth Edison  Company  from  time  to  time.  The  gen- 
eral principle  of  using  contracts  for  standard  street  posts, 
electric  signs  and  fixtures  on  a rental  basis  has  worked 
satisfactorily  with  small  stores,  saloons,  etc.  These  con- 
tracts usually  cover  a period  of  two  years  to  guarantee  the 
Company  sufficient  revenue  to  pay  for  the  wiring. 

In  securing  an  industrial  power  load,  more  complex 
problems  must  be  handled  and  the  minute  details  of  the  load 
to  be  connected  are  considered.  Whether  or  not  a par- 
ticular industrial  load  is  secured  for  the  Company,  depends 
chiefly  upon  the  power  salesmen  and  the  rate  offered  by 
the  Company  for  that  particular  class  of  business.  Rates 
for  power  are  based  upon  maximum  demand,  load  factor, 
total  consumption,  and  nature  of  operation — whether  or 
not  the  connected  load  comes  on  the  peak  of  the  Company’s 
load.  The  power  salesmen  offering  to  furnish  service  to 
replace  an  industrial  power  plant  or  engine  makes  a com- 
plete analysis  of  the  present  installation  before  submitting 
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a proposition.  He  knows  more  nearly  what  the  manufac- 
turer pays  for  power  than  the  manager  himself.  The  clever 
salesmen,  with  a good  knowledge  of  the  operating  condi- 
tions of  the  industrial  plant,  usually  is  able  to  secure  this 
load  for  the  central  station  by  offering  a fair  rate  and  good 
service. 

Large  power  installations  require  special  rates  and  often 
special  sub-stations.  Considerable  data  has  been  collected 
in  the  last  few- years  on  application  of  central  station  serv- 


ice for  operating  coal  mining  and  ice  machinery,  irrigation 
and  oil  pumps,  and  air  compressors.  The  important  advan- 
tage of  a vehicle  battery  load  has  been  noted.  Special  con- 
ditions are  met  with  in  each  of  these  applications,  and  the 
details  of  operation  and  characteristics  of  the  load  curves 
are  carefully  studied.  These  investigations  have  resulted 
in  securing  for  the  central  station  a large  portion  of  the 
available  business  of  this  nature,  especially  in  the  middle 
west. 

One  of  the  most  attractive  loads  for  the  central  station 
is  the  ice  machinery  load.  The  load  is  fairly  constant  and 
comes  on  early  in  the  morning  to  fill  in  the  valley  of  the 
station  load  curve.  Another  advantage  of  this  class  of  busi- 
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ness  is  its  season  diversity  with  respect  to  the  higher  winter 
load  of  the  station,  as  its  consumption  during  the  summer 
months  is  much  greater  than  in  winter.  Coal  mines,  irriga- 
tion, and  oil  pumping  loads  are  especially  attractive  to  com- 
panies operating  a system  of  transmission  lines  through 
rural  districts,  since  long  line  extensions  are  not  usually 
necessary  to  connect  the  load.  The  electric  service  com- 
pany which  has  been  perhaps  most  successful  in  securing 
an  oil  pumping  load,  is  the  Oklahoma  section  of  the  Middle 
West  Utilities  Company.  The  power  engineer  of  this  com- 
pany expects  to  have  secured  all  the  available  load  of  this 
nature,  in  the  state  of  Oklahoma,  within  a few  months.  The 
same  company  now  supplies  service  to  several  large  coal 
mines  in  Illinois,  and  stone  quarries  in  Indiana. 

The  electric  garage  business  is  at  the  present  time  com- 
manding considerable  attention  from  the  power  engineers 
of  all  large  public  service  companies.  This  class  of  business 
has  been  given  little  consideration  and,  due  to  the  efforts  of 
the  electric  vehicle  manufacturers,  has  increased  until  it 
promises  to  be  one  of  the  most  important  loads  a station 
may  secure.  The  electric  vehicle  is  used  not  only  for  pleas- 
ure, but  also  for  trucking  purposes.  This  load  is  perhaps 
more  attractive  to  the  central  station  than  the  railway  load, 
since  the  batteries  may  be  charged  on  an  off  peak  schedule 
and  thereby  raise  the  station  load  factor.  Chicago  leads 
every  other  city  in  the  world  in  the  number  of  electric 
vehicles.  Two  prominent  department  stores  in  the  city  use 
respectively  158  and  59  electric  trucks  for  delivery  pur- 
poses. Practically  all  the  trucking  for  the  Commonwealth 
Edison  Company  is  done  with  electric  trucks.  On  January 
1st,  1914,  there  were  702  electric  commercial  trucks  in 
service  in  Chicago,  and  nearly  3,000  passenger  vehicles. 
Electric  heating  appliances  for  industrial  purposes  are  com- 
ing into  general  use,  also,  especially  electric  glue  pots,  weld- 
ers, and  furnaces.  The  use  of  these  appliances  promises  to 
become  as  general  as  the  common  electric  household  appli- 
ances. 

In  this  article,  I have  outlined  in  a general  way,  the 
problems  that  confront  the  commercial  or  contract  depart- 
ment of  a large  central  station  company.  A systematic 
study  of  these  problems,  such  as  has  been  and  is  being  made 
by  the  various  large  central  stations  is  certain  to  bring  re- 
sults. That  the  results  obtained  by  the  Commonwealth 
Edison  and  allied  companies  have  been  strictly  satisfactory 
is  shown  by  the  accompanying  curves. 
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THE  CYCLECAR 

H.  A.  Hudbottkr,  ’ 12 

Economy  in  maintenance  and  operation  of  the  motor 
car  is  a characteristic  which  prospective  owners  are  de- 
manding more  and  more  insistently  of  automobile  manu- 
facturers. This  same  demand  has  been  heard  in  Europe  for 
years,  owing  to  the  exorbitant  price  of  fuel  existing  there. 
When  gasoline  sells  at  $1.02  per  gallon,  as  it  did  in  England 
in  1912,  the  average  motorist  requires  that  one  gallon 
carry  him  farther  than  the  ridiculously  low  distance  of  12 
miles  as  is  a fair  average  in  America.  Judging  from  the 
indications  of  the  past  two  years  similar  fuel  conditions  will 
soon  be  approached  in  the  United  States.  The  rising  cost 
of  gasoline  has  been  offset  in  Europe  by  an  increased  effi- 
ciency of  the  car.  In  average  commercial  car  practice  the 
vehicle  weight  is  very  close  to  the  carrying  capacity.  The 
ordinary  two  passenger  roadster  of  America  weighs  any- 
where from  1500  to  3700  pounds  and  provides  transporta- 
tion for  a load  of  300  to  400  pounds  exclusive  of  equipment. 
This  means  that  80  per  cent,  or  more  of  the  fuel  is  spent  in 
moving  the  bare  car  and  the  cost  per  passenger  mile  appears 
enormous.  European  designers  have  reduced  the  rate  of 
car  weight  to  load  in  order  to  cut  the  overhead  cost  of 
running.  The  change  has  been  accomplished  gradually — so 
gradually  as  to  occasion  great  comment  in  neither  Europe 
nor  America.  The  general  trend  of  the  current  automobile 
design  was  followed  and  the  small  car  slowly  developed 
from  the  large  one.  In  France,  however,  one  designer 
worked  out  an  original  idea  and  the  Bedeha  was  created. 
The  newspapers  and  journals  exploited  it  as  a freak  and  a 
joke  and  spread  the  news  of  the  first  cyclecar  throughout 
the  country.  The  machine  was  propelled  by  a “V”  type 
twin-cylinder,  air-cooled  motor  set  longitudinally  in  the 
frame.  The  power  was  transmitted  through  a single  chain 
to  a jackshaft,  thence  to  the  rear  wheels  by  “V”  belts. 
Steering  was  by  hand  wheel  through  shaft,  bobbin,  and 
cable  to  a pivoted  front  axle.  Tandem  seating  with  narrow 
tread  completed  the  unique  features  of  the  design.  The 
car  showed  speed,  reliability,  comfort  and  economy,  and 
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became  popular.  It  was  copied  and  developed  and  took  the 
name  of  cyclecar. 

But  what  is  a cyclecar?  What  is  there  about  it  to  dis- 
tinguish it  from  an  automobile?  The  European  cyclecar  is 
limited  in  piston  displacement  to  noo  c.c.  (67  cu.  in.)  and 
in  chassis  weight  to  672  pounds.  It  may  have  either  three 
or  four  wheels.  These  restrictions  as  to  cylinder  capacity 
and  car  weight  do  not  apply  in  the  United  States  and  a re- 
vision of  the  definition  is  now  under  discussion  in  England. 
At  the  first  meeting  of  the  Cyclecar  Manufacturers’  Na- 
tional Association  held  in  Chicago  January  27,  1914,  a 
classification  was  adopted  in  order  to  show  each  manufac- 
turer his  standing  in  the  cyclecar  world.  Under  this  ruling 
the  cyclecar  is  a four  wheeled  vehicle  of  which  the  maxi- 
mum piston  displacement  is  71  cu.  in.  and  the  maximum 
total  weight  with  tanks  empty  is  750  pounds.  The  light  car 
class  includes  those  machines  with  a motor  capacity  of  71 
to  100  cu.  in.,  and  a weight  of  750  to  950  pounds.  The 
small  car  has  a 100  to  125  cu.  in.  motor  and  a weight  of  950 
to  1150  pounds.  This  largest  car  is  far  below  the  present 
small  automobile  in  size.  Nothing  has  been  decided  yet  as 
to  general  standards  of  tread,  seating  capacity  and  arrange- 
ment, or  design  of  any  description.  The  indications  at 
present,  however,  are  that  the  cyclecar  class  will  be  com- 
posed of  cars  fitted  with  air-cooled  motors  of  nearly  maxi- 
mum size,  friction  or  planetary  change-speed  gear  and 
probably  belt  drive.  The  true  cyclecar  obviously  should  be 
built  as  simple  as  possible  compatible  with  safe  and  effective 
performance.  In  the  cyclecar  the  effort  has  been  made  to 
combine  the  best  features  of  both  the  automobile  and  the 
motorcycle,  in  a four  wheeled,  two  passenger  vehicle.  Some 
designers  have  started  with  the  automobile,  others  with  the 
motorcycle;  still  others  have  begun  with  the  intention  of 
building  a car  light,  simple,  fast,  safe,  comfortable,  econom- 
ical and  reliable,  have  selected  such  parts  of  the  automobile 
and  the  motorcycle  as  would  best  meet  their  requirements 
and  have  combined  them  in  conjunction  with  parts  peculiar 
to  their  own  creations. 

In  the  matter  of  expense,  both  initial  and  operating,  the 
cyclecar  is  far  lower  than  the  average  small  automobile  and 
but  slightly  higher  than  the  motorcycle.  Gasoline  consump- 
tion runs  about  one  gallon  for  35  to  40  miles.  Tire  cost  is 
low,  standard  motorcycle  tires  being  the  usual  equipment, 
of  which  the  full  set  can  be  obtained  at  a price  below  the 
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ordinary  touring  car  case.  The  wear  on  the  tires  is  slight, 
for  a cyclecar  with  the  28  inch  by  2 inch  size  is  overtired. 
A cyclecar,  to  be  satisfactory,  must  possess  several  features 
to  a degree  at  least  as  great  as  the  automobile.  The  ma- 
chine being  new,  will  be  subjected  to  criticism  and  tests 
more  severe  than  that  accorded  the  big  car.  The  first  im- 
pression being  the  most  important,  the  car  should  have,  first 
of  all,  a good  appearance  with  racy  lines  so  universally 
sought  in  this  type.  It  should  look  comfortable,  sociable, 
sturdy  and  safe,  and,  above  all,  finished.  The  machine 
having  created  a favorable  first  impression  must  be  capable 
of  supporting  it  in  performance.  It  must  show  speed  with 
easy  riding  and  must  be  quiet  both  in  exhaust  and  in  mov- 
ing parts.  In  order  to  be  economical  in  operation  as  well  as 
to  have  the  desired  speed,  the  weight  should  be  reduced  to 
the  minimum  consistent  with  strength.  The  motive  power 
should  be  properly  proportioned,  for  if  excessive  the  fuel 
consumption  will  rise  quickly  and  the  various  parts  may  be 
overstressed.  The  most  desired  quality,  reliability,  should 
always  be  borne  in  mind  by  the  designer,  the  manufacturer 
and  the  purchaser.  Without  this  essential  element  the  low 
priced  car  may  prove  expensive  in  the  end  and  is  sure  to  be 
a constant  source  of  annoyance  to  the  owner  and  the  dealer 
as  well  as  of  danger  to  the  passengers. 

That  the  cyclecar  has  two  fields  to  enter  has  already 
been  demonstrated.  As  a pleasure  car  for  two  it  is  ideal. 
It  can  travel  roads  and  enter  places  impassible  to  the  touring 
car;  it  can  take  bad  turns,  highly  cambered,  slippery  sur- 
face, and  short  choppy  bumps  at  a speed  and  with  a degree 
of  comfort  and  safety  altogether  foreign  to  the  auto.  For 
short  trips  of  a single  day’s  duration  it  is  unsurpassed  and 
it  is  also  applicable  for  touring  so  far  as  comfort  and  road 
performance  are  concerned,  but  the  baggage  space  is  neces- 
sarily somewhat  limited.  As  a commercial  vehicle  the 
cyclecar  is  filling  a long  felt  want  in  light  package  delivery 
requiring  a capacity  of  250  to  300  pounds.  It  is  handled 
well  in  city  traffic,  is  quicker  than  any  other  means  used  in 
similar  service,  and  the  operating  cost  is  almost  negligible. 
It  is  by  no  means  a fair  weather  car,  but  may  be  used  under 
all  conditions  favorable  to  motor  cars.  It  is  especially 
successful  in  rainy  weather  on  pavement,  for  it  does  not 
skid  on  the  most  slippery  asphalt. 

The  cyclecar  of  the  present  is  represented  by  nearly  as 
many  different  types  as  there  are  manufacturers.  The  en- 
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deavor  has  been  to  adapt  the  car  to  American  tastes  and 
American  roads.  Just  how  these  tastes  will  be  best  satisfied 
is  a question  of  many  sides.  One  thing  is  certain,  European 
designs  will  never  be  popular  in  the  United  States.  The 
foreign  big  car  with  an  appearance  that  appeals  to  the  aver- 
age American  is  a rarity.  For  this  reason  the  first  season 
will  bring  forth  machines  of  every  description.  It  will  be  a 
period  of  experiment  in  exterior  design.  The  cyclecar  to 
date  has  not  a single  standard  and  the  establishing  of  stand- 
ards will  probably  be  attended  with  difficulties  at  the  outset. 

In  the  matter  of  power  plants  the  cyclecar  has  a choice 
of  about  as  many  general  forms  as  the  automobile  and  the 
motorcycle  combined.  On  account  of  light  weight  require- 
ments the  motor  is  of  the  high  speed  type.  The  true  cycle- 
car  will  in  all  probability  be  equipped  with  a two  cylinder 
motor,  the  light  car  and  the  small  car  with  a four  cylinder. 
The  latter  is  pretty  well  standardized  from  its  development 
with  the  automobile.  The  cyclecar  on  the  other  hand  offers 
a large  field  for  the  various  twin  cylinder  designs.  The 
motor  may  be  of  either  vertical,  horizontal,  or  “V”  type, 
hung  longitudinally  or  transversely.  Of  the  two  cylinder 
vertical  motor,  two  kinds  have  been  tried  out  on  the  early 
automobiles.  That  in  which  both  crank  pins  are  on  the 
same  side  of  center  has  good  firing  balance  but  poor  run- 
ning balance.  The  cycles  in  each  cylinder  are  one  revolu- 
tion apart,  but  the  reciprocating  and  the  eccentric  rotating 
parts  can  be  balanced  through  but  a small  range  of  speed. 
Cranks  on  opposite  sides  give  an  improvement  in  the  run- 
ning, but  the  cycles  occur  at  unequal  intervals — 180  degrees 
and  540  degrees  apart.  On  account  of  these  defects  this 
motor  has  been  abandoned  almost  entirely  in  the  automobile 
industry.  The  twin  with  the  least  vibration  is  the  opposed 
type.  The  cycles  occur  one  revolution  apart  and  the  re- 
ciprocating parts,  working  in  opposite  directions,  set  up 
forces  which  neutralize  one  another.  Practically  all  of  the 
vibration  is  due  to  the  explosions.  The  chief  objection  to 
the  opposed  motor  is  its  width.  The  narrow  frame  of  the 
machine  renders  transverse  hanging  difficult.  With  longi- 
tudinal setting  the  force  of  each  explosion  tends  either  to 
retard  or  to  accelerate  the  car,  depending  upon  which 
cylinder  is  firing. 

The  twin  “V”  bids  fair  to  become  the  favored  two 
cylinder  motor.  It  is  short  with  a single  throw  crank  and 
consequently  less,  eccentric  weight  than  the  vertical  motor. 
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As  ordinarily  constructed  the  cylinders  are  set  at  an  angle 
of  45  degrees,  but  60  degree  and  90  degree  angles  are  not 
uncommon.  The  first  arrangement  is  the  most  compact  and 
has  the  best  firing  balance  of  the  three.  The  last  is  better 
balanced  kinetically  than  the  others,  but  fires  at  intervals  of 
too  great  variance.  It  is  wide  in  comparison  with  the  45 
degree  motor  and  has  a long  inlet  pipe,  a serious  objection 
in  cold  weather.  The  60  degree  motor  is  a compromise 
between  the  two.  The  firing  order  of  the  45  degree  type  is 
o degrees,  315  degrees,  720  degrees;  of  the  60  degree,  o 
degrees,  300  degrees,  720  degrees ; of  the  90  degree,  o de- 
grees, 270  degrees,  720  degrees.  The  “V”  motors  have  been 
well  tested  and  developed  in  connection  with  the  motorcycle 
industry,  and  it  was  at  first  thought  that  the  same  motor 
would  be  equally  satisfactory  in  the  cyclecar.  The  error  of 
this  opinion  was  soon  demonstrated.  A four  wheeled  ve- 
hicle is  expected  to  travel  more  slowly  on  occasion  than  one 
on  two  wheels,  and  that  without  changing  gears.  Conse- 
quently the  cyclecar  motor  must  contain  heavier  crank  disks 
to  enable  it  to  operate  successfully  at  low  speeds.  The  car 
puts  a much  heavier  torque  upon  its  motor  than  does  the 
motorcycle  in  accelerating.  For  this  reason  a comparatively 
stiff  crankshaft  is  required  and  rigid  connections  of  the 
shafts  to  the  disks  are  essential.  A motor  which  will  drive 
a motorcycle  through  a plain  taper  fit  of  the  shaft  in  the 
disk  will  easily  shear  a 7/32  inch  key,  augmenting  the  same 
fit  in  a cyclecar. 

This  heavy  torque  renders  the  air  cooling  proposition 
more  complicated  with  the  cyclecar.  A fan  with  free  cir- 
culation of  air  must  be  provided.  The  usual  form  of  air 
cooling  without  jackets  is  not  likely  to  be  practicable  with 
any  but  the  “V”  motor.  Four  cylinders,  even  with  the  best 
air  jackets  and  forced  draft,  have  a decided  tendency  to 
overheat  as  has  been  proved  conclusively  in  automobile 
practice.  The  water  cooled  four  cylinder  motor  has  the 
greater  popularity  and  will  in  probability  keep  it,  unless 
radical  improvements  are  made  with  the  air.  The  experi- 
ence of  the  early  motor  car  manufacturers  offers  much  of 
value  to  cyclecar  designers. 

In  the  ignition  system  the  cyclecar  was  found  again  to 
break  away  from  motorcycle  precedents  and  teachings. 
Since  the  “V”  motor  fires  at  unequal  intervals  the  high 
tension  magneto,  if  used,  must  be  geared  to  half  crankshaft 
speed.  For  this  reason  the  motor  will  not  run  well  at  low 
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speeds  since  the  spark  is  not  sufficient  to  fire  the  mixture. 
Besides  the  low  speed  is  the  fact  that  the  interrupter  cannot 
break  contact  at  the  point  of  highest  voltage  for  both 
cylinders.  The  error  is  split  between  the  two  cylinders, 
making  one  fire  22]/2  degrees  before,  the  other  22^4  degrees 
after  the  ideal  point,  measured  on  the  armature  travel. 
This  reduces  the  voltage  approximately  30  per  cent,  and, 
combined  with  the  gear  reduction,  gives  poor  ignition  for 
starting  and  slow  running.  The  usual  arrangement  for 
cranking  the  motor  on  the  magneto  by  hand  is  the  provision 
of  a two  or  three  to  one  gear  between  the  starting  crank  and 
the  crankshaft  in  order  to  obtain  sufficient  speed  for  a 
spark.  By  far  the  most  common  type  of  ignition  for  this 
motor  is  by  high  tension  battery  system  with  non-vibrating 
coil.  The  same  device  is  usually  fitted  to  the  small  four 
cylinder  also,  although  here  the  magneto  is  perfectly 
feasible. 

The  speed  and  torque  control  of  the  cyclecar  is  pro- 
vided for  in  the  same  ways  as  used  in  the  automobile.  In 
the  former,  however,  the  friction  drive  leads  in  popularity 
on  account  of  its  simplicity,  absence  of  noise,  and  its  smooth 
action.  The  power  transmitted  is  not  great  enough  to  re- 
quire frictions  of  excessive  diameter  and  the  chief  objection 
to  this  drive  is  therefore  overcome.  The  danger  of  rapid 
wear  due  to  overloading  is  absent  and  the  possibility  of 
selecting  the  exact  gear  ratio  required  to  drive  the  car  over 
any  road  encountered  appeals  to  the  careful  operator.  The 
friction  may  be  located  in  one  of  two  places — either  ahead 
of  the  dash  next  to  the  motor  or  under  the  seat.  Both 
places  have  their  advantages,  as  will  be  brought  out  later. 
The  sliding  gear  and  the  planetary  transmissions  have  been 
adopted  by  some  manufacturers.  The  former  is  used  prin- 
cipally with  the  four  cylinder  motor.  The  planetary  gear 
has  always  carried  the  objection  to  the  noise  produced  by 
the  pinions  rotating  at  the  high  speed  required.  This  is 
especially  noticeable  in  the  cyclecar  where  the  high  speed 
motor  is  the  rule.  Either  of  these  transmissions  may  be 
placed  in  a housing  bolted  to  the  motor  or  to  the  rear  axle 
or  carried  between  the  two. 

The  drive  from  the  change  speed  gear  to  the  rear 
wheels  is  usually  one  of  three  standard  types — chain,  shaft 
or  belt.  The  first  is  not  common  in  the  United  States,  but 
has  met  with  considerable  success  in  England  where  the 
single  chain  adherents  are  strong.  The  shaft  drive  is  used 
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in  conjunction  with  the  sliding  and  the  planetary  trans- 
missions. It  connects  with  the  live  rear  axle  through  two 
bevel  gears  or  worm  and  worm  wheel.  The  cars  fitted  with 
the  final  shaft  drive  are  practically  all  out  of  the  cyclecar 
class.  The  transmission  most  popular  among  cyclecar  de- 
signers is  the  double  “V”  belt  from  a jackshaft  to  each  rear 
wheel.  This  gives  a flexible  connection  to  the  wheels  and 
thus  saves  the  tires  from  the  strains  occasioned  at  times  by 
a positive  drive.  A wide  difference  of  opinion  exists  re- 
garding the  correct  method  of  applying  the  belts.  Some 
designers  favor  a long  distance  between  pulley  centers  in 
order  to  secure  a large  arc  of  contact  on  the  driving  pulley. 
Others  prefer  the  short  belt  to  eliminate  sideslap  and  vibra- 
tion. The  belt  has  demonstrated  its  practicability  under  the 
most  adverse  road  conditions  in  water,  mud,  snow  and  dust. 
The  ordinary  leather  belt  must  be  driven  about  100  miles 
before  the  stretch  is  all  out  of  it,  but  the  non-stretchable 
type  in  which  two  strands  of  steel  cable  are  built  into  the 
belt  between  two  plies  of  leather  seems  to  have  overcome 
this  objection.  Other  belting  materials  which  have  been 
used  with  more  or  less  success  are  rubber  covered  canvas 
and  steel  chains  lined  with  friction  fabric.  With  the  use  of 
the  double  “V”  belts  the  differential  is  dispensed  with,  giv- 
ing greater  simplicity. 

The  steering  of  the  early  cyclecars  was  through  bobbin 
and  steel  cable.  This  arrangement  was  simple,  effective  and 
reliable,  but  the  general  public  showed  such  distrust  in  the 
device  that  it  was  discarded  for  some  one  of  the  standard 
automobile  types.  The  rack  and  pinion  gear  predominates, 
although  the  worm  and  sector  is  very  nearly  as  popular. 
The  Ackerman  linkage  to  the  front  axle  is  used  almost 
exclusively,  except  in  the  few  rare  instances  in  which  the 
front  axle  is  pivoted  in  the  center. 

The  riding  qualities  are  dependent  largely  upon  the 
spring  system.  The  cyclecar  is  often  fitted  with  springs  of 
design  peculiar  to  itself,  but  standard  automobile  suspen- 
sions are  more  popular  at  present.  This  is  probably  due  to 
the  fact  that  these  types  have  been  tested  so  long  that  the 
public  has  confidence  in  them.  Of  the  various  systems  the 
full  elliptic,  three-quarter  elliptic,  semi-elliptic,  and  canti- 
lever are  all  in  use.  The  cyclecar  springs  of  special  design 
are  of  simpler  construction  and  include  the  helical  and  the 
transverse  springs.  The  latter  may  be  swung  over  the  axle 
or  it  may  be  used  as  a substitute  for  the  axle.  Whatever 
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the  shape,  the  springs  must  have  clearance  to  permit  of  the 
use  of  a light  scale.  A flexible  spring  with  little  unsprung 
weight  allows  the  wheels  to  take  sudden  jars  without  affect- 
ing the  motion  of  the  body.  It  is  this  feature  that  enables 
the  cyclecar  to  run  away  from  the  automobile  on  a corduroy 
road. 

The  seating  arrangement  depends  largely  upon  the 
opinions  of  the  designer.  The  tandem  method  gives  slightly 
better  balance  with  one  passenger  in  the  car  than  does  the 
side-by-side.  The  difference,  however,  is  not  noticeable  to 
the  occupant.  This  doubtful  advantage  is  offset  by  the 
greater  sociability  attendant  upon  the  latter  plan  which 
seems  to  be  favored  by  general  opinion.  Staggered  seating, 
which  is  not  widely  adopted,  is  a compromise  between  the 
two.  The  method  of  seating  naturally  determines  the 
width  of  the  body  which  in  turn  influences  the  tread.  Thus, 
unlike  the  automobile,  the  cyclecar  is  built  with  a diversity 
of  treads.  The  same  condition  prevails  in  Europe,  but  there 
the  highways  are  so  improved  that  there  is  no  reason  for 
following  the  beaten  tracks  as  is  the  custom  in  America. 
Here  the  aim  is  to  adopt  a tread  that  will  allow  one  wheel 
to  take  the  wagon  track  and  the  other  the  horse  track.  This 
condition  is  best  met  by  a tread  of  36  to  40  inches. 
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ALTERNATOR  REGULATION 

D.  Linder  Curtnkr,  Ti 

If  the  load  on  an  alternator  is  increased,  while  the  speed 
and  excitation  are  maintained  constant,  the  terminal  volt- 
age will  in  general  decrease.  Conversely,  when  the  load  on 
the  alternator  is  reduced  the  terminal  voltage  will,  in  gen- 
eral, rise.  The  rise  in  voltage,  when  full  non-inductive  load 
is  reduced  suddenly  to  no-load,  expressed  as  a per  cent,  of 
full  load  voltage  is  called  the  inherent  regulation  of  the 
machine,  with  constant  speed  and  full  load  excitation  main- 
tained. The  predetermination  of  the  impedance  drop, 
armature  reaction,  voltage  regulation,  and  field  excitation 
at  various  loads  and  power  factors  from  the  dimensions  of 
the  machine  falls  under  a single  head  and  constitutes  a very 
important  problem  in  alternator  design. 

After  the  alternator  is  built  it  is  not  always  possible  to 
test  it  accurately  at  the  factory,  principally  because  of  the 
difficulties  of  driving,  loading,  cost  of  such  testing,  and  the 
modern  tendency  toward  large  units  direct  connected  to  the 
prime  mover.  Very  frequently  the  alternator  and  prime 
mover  are  built  by  different  companies  and  are  brought  to- 
gether only  when  installed  in  the  generating  station,  where 
the  facilities  for  accurate  testing  are  not  always  favorable. 
For  the  above  reasons  the  testing  at  the  factory  usually  con- 
sists of  taking  the  open  circuit  characteristic  or  saturation 
curve,  the  short  circuit  characteristic,  a heat  run,  and  meas- 
urements of  resistance  of  the  windings. 

The  saturation  curve  may  be  readily  calculated  from 
the  dimensions  of  the  magnetic  circuit,  the  flux  density,  and 
the  B-H  curves  of  the  materials  used.  In  predicting  voltage 
regulation,  we  are  principally  concerned  with  the  excitation 
required  for  the  air  gap,  teeth,  and  slotted  portion  o.f  the 
magnetic  circuit,  since  the  magnetomotive  force  required 
for  the  pole  shoes,  pole  cores  and  yoke  is  not  effective  in 
forcing  flux  into  the  armature  but  is  effective  only  in  over- 
coming the  magnetic  potential  drop  in  the  above  mentioned 
parts.  The  ampere  turns  required  for  the  air  gap  may  be 
calculated  by  determining  the  permeance  and  flux  of  corre- 
sponding areas.  Thus  one  may  select  a slot  pitch  as  the 
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area,  at  the  center  of  the  pole.  Let 

P3  = air  duct  permeance 

P1  permeance  from  tooth  top  to  pole 
D = air  duct  width 
P 2 — y2  slot  permeance 

P = P1  + 2 P2  + 2 Po  = permeance  per  slot  pitch 

8 = air  gap  length 

s = slot  width 

t = tooth  width 

ln  = net  axial  length  of  armature 

n = number  of  air  ducts 


Remembering  that  permeance  is  the  reciprocal  of  reluctance, 
one  may  write  the  following  equations : 


2P2  = 


s + 48 

“4^“ 


2P3 


4 n t 

7T 


loge 


7T  D + 4 8 

43 


t \n  4 L 1 

P = 4- log  e 

7T  7 T 


7T  s + 4 S 


48 


4 n t . 

+ l°g  e 
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Considering  that  the  flux  passing  a given  area  (in  this  case 
a slot  pitch)  is  expressed  by  <f>  = m.m.f.  P,  or  <f>  — .4  tt  NI  P, 
it  is  relatively  easy  to  show  that  the  ampere  turns  (NI) 
required  for  the  air  gap  at  the  center  of  the  pole  face  where 
the  lines  of  force  are  sensibly  parallel  are  expressed  by 


NI 


<fi  BA 

4 7T  P .4  7T  P 


Where  B is  air  gap  density,  A = area  of  a slot  pitch,  and 


K = the  constant 


A 

• 4 7T  P 


By  the  use  of  this  expression  it 


is  easy  to  calculate  the  air  gap  ampere  turns  required  at  any 
air  gap  density.  It  is  also  equally  plain  that  a curve  plotted 
between  NI  and  B will  be  a straight  line.  The  calculation 
of  the  excitation  required  for  the  teeth  and  slots  is  so  obvi- 
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ous,  since  it  follows  from  the  expression  HI  = .4  7tNI,  the 
radial  length  of  tooth  1,  and  readings  taken  from  the  B-H 
curve  of  the  material,  that  more  detail  will  not  be  given  it 
here.  The  sum  of  the  excitation  required  for  the  air  gap, 


and  teeth  and  slots  plotted  as  abscissae  against  air  gap 
density  or  generated  voltage  as  ordinate  gives  the  satura- 
tion curve  desired.  The  air  gap  permeance  is  not  constant 
from  all  portions  of  pole  to  armature  but  varies  according 
to  pole  shaping  and  dimensions. 


68 


Purdue  Engineering  Review 


The  drop  in  voltage  caused  by  the  flow  of  current  in 
the  armature  conductors  may  be  divided  under  two  heads — 

(a)  The  impedance  drop,  made  up  of  the  resist- 
ance and  reactance  drops, 

(b)  The  armature  reaction  or  neutralizing  effect 
of  the  armature  ampere  turns  upon  the  field  ampere 
turns. 

The  magnitude  and  effect  of  the  impedance  drop  varies 
with  the  load  and  power  factor  of  the  load  on  the  machine. 
At  unity  power  factor  operation,  the  resistance  drop  is  the 
predominating  factor,  but  as  the  power  factor  reduces,  the 
reactance  becomes  of  more  importance.  The  resistance,  be- 
ing a function  of  the  cross-section  and  length  of  the  con- 
ductor, as  well  as  the  temperature  at  which  it  operates,  is 
easily  calculated.  The  reactance  is  directly  proportional  to 
the  inductance  of  the  machine.  The  general  scheme  for 
calculating  the  inductance  of  the  armature  winding  may  be 
outlined  as  follows.  Divide  the  winding  into  the  imbedded 
and  end  connection  portions.  Calculate  the  flux  linkage  of 
the  end  connections  per  pole  per  phase  by  using  the  trans- 
mission line  formula  between  appropriate  limits.  Calculate 
the  flux  linkage  per  pole  per  phase  of  the  imbedded  portion 
produced  by  the  flux  passing  across  the  slot  and  also  that 
due  to  the  average  flux  passing  from  tooth  top  to  tooth  top. 
The  sum  of  these  flux  linkages  per  ampere  of  current  multi- 
plied by  the  number  of  poles  and  divided  by  io8  gives  the 
coefficient  of  inductance  per  phase  in  Henries.  Such  modi- 
fications as  are  necessary  to  adapt  this  general  scheme  to 
the  case  in  hand  are  always  permissible. 

The  magnitude  and  neutralizing  effect  of  the  armature 
ampere  turns  also  varies  with  the  load,  on  the  assumption 
that  the  voltage  remains  constant  and  current  varies,  and 
the  power  factor  of  the  load  on  the  alternator.  This  leads 
to  the  calculation  of  the  magnitude,  and  to  the  determina- 
tion of  the  position  of  the  armature  m.m.f  relative  to  the 
field  m.m.f.  The  m.m.f.  of  a loop  of  wire  is  always  perpen- 
dicular to  the  plane  of  the  loop,  or  if  the  turns  do  not  all  lie 
in  the  same  plane,  the  m.m.f.  will  be  perpendicular  to  the  re- 
sultant of  the  group  of  turns.  The  voltage  of  rotation  will  be 
a maximum  where  the  flux  is  a maximum.  Hence  if  the 
voltage  and  current  waves  be  assumed  sinusoidal  and  in 
phase,  the  maximum  will  occur  when  the  coil  is  passing 
the  center  of  the  pole,  and  O B in  Fig.  4 indicates  the  direc- 
tion of  the  armature  m.m.f.  of  phase  No.  1.  Thus  if  the 
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current  is  in  phase  with  the  voltage,  the  m.m.f.  of  the  coil  is 
90°  out  of  phase  with  the  voltage  of  revolution,  and  also 
90°  out  of  phase  with  the  field  m.m.f.  In  this  position  it 
will  be  noted  that  the  armature  reaction  is  entirely  dis- 
torting in  its  action.  When  the  plane  of  the  coil  is  at  right 
angles  to  the  field,  the  current  in  the  armature  conductor 
is  zero,  hence  when  in  position  to  demagnetize  the  field, 
the  armature  m.m.f.  is  zero.  With  power  factors  other 
than  unity  the  maximum  of  the  voltage  and  current  waves 
does  not  occur  at  the  same  instant,  so  that  with  lagging  cur- 
rent, the  position  of  the  armature  m.m.f.  will  be  90°  plus 
the  power  factor  angle  out  of  phase  with  the  field  m.m.f. 
as  shown  in  Fig.  8,  and  for  leading  current  the  phase  angle 
between  field  and  armature  m.m.f.  will  be  90 0 minus  the 
power  factor  angle.  The  magnetizing  or  demagnetizing 


3 


effect  of  the  armature  m.m.f.  is  much  greater,  as  is  evi- 
denced by  a comparison  of  Fig.  5 and  Fig.  8. 

It  is  desirable  to  know  the  shape  and  magnitude  of 
the  armature  m.m.f.  Let  the  discussion  here  be  limited 
to  a three  phase  alternator  and  for  simplicity  of  demonstra- 
tion choose  a two  pole  machine. 

Since  the  winding  of  one  phase  of  a three  phase  ma- 
chine is  spread  out  over  — electrical  degrees,  it  becomes 
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necessary  to  sum  up  the  components  of  field  due  to  each 
turn  into  a common  direction,  OB,  Fig.  4.  Reducing  the 
calculations  to  the  armature  ampere  turns  per  pole  in  terms 
of  one  phase  the  procedure  is  as  follows : 

Let  T = turns  per  pole  per  phase  = OB 


Area  AOB  — j*  1 j7r/' 

"o  0 


PdPd«  *-  — - 
12 


Area  AOF  M 


7T  « 7 r 

sin  — Cos  — 


3 3 

OF  = T Cos  6o°  = .5  T 


= .2165  T2 


^ s’  /rAg 

Area  AOB  + Area  AOF  „ ^ 12  + ’“I  ^ m 

op = OD  = — ^ *=  *955  T, 

which  is  the  summation  of  the  projections  of  OA  on  OB  as 

7 T 

0 varied  from  -—to  zero.  If  the  current  wave  is  sinusoidal 
6 

the  instantaneous  value  is 


i : : Im  sin  a 


where  i is  any  instantaneous  current  valve,  Im  is  the  maxi- 
mum current  value  and  a is  the  electrical  angle.  Then  the 
summation  of  the  armature  ampere  turns  for  phase  No.  1 
at  any  instant  is, 

NIlffl  = -955  TI™  sin  a 

A similar  expression  will  suffice  for  phases  No.  2 and  No.  3 
if  to  a is  added  the  angular  difference  between  the  phases. 
Then  for  phase  No.  2, 

NI2a  = .955  TIW  sin  (a  + 60) 
and  phase  No.  3, 

NI3a  = .955  Tlm  sin  (a  — 60) 

Adding  and  simplifying  the  expressions  for  phases  No.  1, 
No.  2,  and  No.  3,  the  armature  ampere  turns  per  pole  are, 

NIto  = (2)  (.955  TIm  sin  a) 

Under  these  conditions  it  is  shown  that  the  curve  of  arma- 
ture m.m.f.  obeys  a sine  law  and  is  of  the  magnitude  indi- 
cated by  the  equation.  A similar  development  of  machines 
of  any  number  of  phases  results  only  in  a change  in  the 
constant  (2)  (.955). 
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The  magnetomotive  force  of  the  field  must  be  sufficient 
to  neutralize  the  effect  of  armature  reaction  and  also  set  up 
flux  entering  the  armature  in  amount  proportional  to  the 
generated  voltage,  if  the  speed  is  to  be  maintained  constant. 
The  amount  of  distortion  and  demagnetization  or  magnet- 


ization caused  is  proportional  to  the  relative  strengths  of  the 
field  and  armature  m.m.f.,  the  power  factor  of  operation, 
and  the  degree  of  saturation  of  the  armature  teeth.  This 
is  shown  to  a marked  degree  by  the  comparison  of  the  areas 
of  curve  B (69.4  sq.  cm.),  Fig.  9,  where  the  power  factor 
is  .7 1,  and  curve  B (89  sq.  cm.),  Fig.  6,  where  the  power 
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factor  is  unity,  also  by  comparison  of  the  B1  m.m.f.  curves, 
Fig.  8 and  Fig.  5,  for  the  above  B curves  respectively. 

A concrete  example  of  a 300  kv.a.,  200  r.p.m.,  36  pole, 
2200  volt,  60  cycle,  3 phase,  Y connected  alternator  will 
probably  serve  to  elucidate  the  foregoing  abstract  discussion. 


tation  per  pole  required  for  the  air  gap  teeth  and  slots  is 
3800  and  4250  ampere  turns  respectively,  (see  Fig.  5),  and 
the  armature  ampere  turns  per  pole,  maximum,  is  150.  From 
the  m.m.f.  curves  C'  and  A'2,  are  plotted  the  flux  curves  C" 
and  A"  respectively,  representing  the  air  gap  flux  distribu- 
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tion  at  full  load  (unity  power  factor),  and  a no  load  flux  dis- 
tribution when  full  load  field  is  maintained.  From  the  flux 
curves,  just  mentioned,  the  voltage  waves  may  be  plotted  in 
polar  coordinates,  the  measurements  of  which  permit  the 


finding  of  the  effective  value,  the  calibration,  and  hence  the 
regulation.  From  these  voltage  curves  it  is  found  that  the 
effective  value  of  A"  is  1366  volts,  while  the  effective  voltage 
of  C"  is  1310  volts.  The  impedance  drop  is  40  volts,  leaving 
a terminal  voltage  of  1270  volts  per  phase.  The  regulation 

. (1366 — 1270)  100  . 

at  once  follows  as  ■ — = 7.36  per  cent. 

1270 
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Similarly  from  Fig.  8,  Fig.  9,  and  the  voltage  wave  for  .71 
power  factor  we  obtain  the  regulation  at  .71  p.f.  to  be 


(1590  — 1270)  100 
1270 


25.2  per  cent.  The  results  of  test 


data  give  the  regulation  at  unity  p.f.  as  7.5  per  cent.,  while 
the  test  data  for  .71  p.f.  is  not  available. 

This  method  of  calculating  voltage  regulation  which 
utilizes  the  voltage  wave  shape  as  it  exists,  may  be  applied 
to  either  freak  or  standard  designs,  since  it  is  calculated  en- 
tirely from  design  data.  The  results  conform  reasonably 
close  to  those  obtained  in  actual  tests. 
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POINTS  OF  INTEREST  DURING  THE  CONSTRUC- 
TION PERIOD  OF  THE  PANAMA-PACIFIC 
INTERNATIONAL  EXPOSITION 

C.  H.  Munson,  Ti 

The  Panama-Pacific  International  Exposition  Company 
was  organized  by  a number  of  public  spirited  citizens  of  the 
city  of  San  Francisco  for  the  purpose  of  celebrating  the 
completion  of  the  Panama  Canal,  an  engineering  achieve- 
ment well  worthy  of  some  fitting  demonstration  such  as  an 
international  exposition.  It  is  the  purpose  of  this  paper  to 
give  to  those  interested  in  engineering  and  construction 
work  a resume  of  the  various  features  of  interest  entering 
into  the  activities  of  the  division  of  works  of  this  company 
during  the  pre-exposition  period,  together  with  a more  de- 
tailed analysis  and  comparison  of  some  of  the  construction 
methods  in  use. 

The  division  of  works,  which  is  responsible  for  the 
design  and  installation  of  all  features  of  construction,  is 
divided  for  organization  purposes  into  seven  major  depart- 
ments— the  department  of  construction,  the  department  of 
civil  engineering,  the  department  of  mechanical  engineering, 
the  department  of  landscape  engineering,  the  department  of 
architecture,  the  department  of  color  and  decoration,  and 
the  department  of  sculpture.  These  various  departments 
each  have  immediate  charge  of  work  pertaining  to  the 
planning  and  development  of  the  special  work  alloted  to 
them. 

In  addition  to  the  above  major  subdivisions  there  have 
been  created  a number  of  bureaus  for  the  systematic  prose- 
cution of  the  various  parts  of  the  work.  Among  these  are 
the  following  which  have  to  do  particularly  with  the  various 
details  entering  into  the  engineering  design  and  construction 
activities.  The  bureau  of  structural  engineering,  is  respon- 
sible for  the  design  and  preparation  of  plans  for  all  struc- 
tural features ; the  bureau  of  building  construction,  has 
direct  charge  of  all  building  construction,  directs  building 
inspectors  in  their  duties  and  makes  up  monthly  estimates 
of  work  completed,  on  which  basis  progress  payments  are 
made;  the  bureau  of  estimates,  in  charge  of  the  writer,  has 
direct  charge  of  preparing  all  preliminary  estimates  of  cost 
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of  proposed  structures  and  also  final  estimates  of  cost  of 
the  various  structures  from  the  final  plans  as  sent  out  for 
bids.  A more  exact  statement  of  the  activities  of  this 
bureau  is  given  elsewhere  in  this  article ; the  bureau  of 
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specifications,  is  responsible  for  the  general  form  and  stand- 
ardization of  all  specifications ; the  bureau  of  engineering 
construction,  handles  the  force  account,  establishes  grades, 
makes  necessary  surveys,  etc. ; the  bureau  of  water  supply 
and  fire  protection,  has  charge  of  fire  protection  measures, 
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and  is  responsible  for  the  design  and  installation  of  high 
and  low  pressure  water  systems. 

In  addition  to  the  above  there  are  a number  of  bureaus 
which  are  important,  but  having  a less  direct  connection 
with  the  actual  engineering  and  construction  operations,  will 
be  only  mentioned  herein  as  follows : The  bureau  of  rail- 
ways, the  bureau  of  illumination,  and  the  bureau  of  design. 

After  considerable  deliberation  on  the  part  of  the  ex- 
position officials  they  selected  the  “Harbor  View”  lands  as 
the  site  on  which  to  build  the  exposition.  In  conjunction 
with  these  lands  there  will  also  be  used  a certain  portion  of 


Typical  Splice  in  Main  Truss  Supporting  Dome  of  Palace  of  Education. 

the  Presido  Fort  Mason  Military  Reservation.  These  lands 
front  on  the  bay  and  afford  an  exceptional  view  of  the  bay 
and  surrounding  land.  The  maximum  height  of  the  site 
selected  is  82  feet  above  sea  level,  though  most  of  the  land 
is  flat.  On  three  sides  the  site  is  backed  by  high  hills,  which 
in  themselves  have  caused  no  end  of  talk  and  discussion 
regarding  transportation  facilities  during  the  exposition 
period. 

The  preparation  of  the  selected  site  for  the  commenc- 
ing of  building  construction  was  in  itself  no  small  under- 
taking, since  there  were  required  about  1,700,000  cubic 
yards  of  fill.  This  fill  was  accomplished  by  hydraulic 
dredges  at  a cost  of  301,000  dollars.  As  the  main  portion 
of  the  buildings  erected  by  the  Exposition  Company  are 
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located  on  this  fill  it  has  been  necessary  to  use  piles  for  the 
main  foundations  throughout,  and  four  of  the  main  build- 
ings have  their  floors  supported  on  piles. 

The  major  portion  of  the  buildings  will  be  of  timber 
construction,  although  a few  will  be  framed  in  steel.  The 
construction  of  the  buildings  will  require  the  use  of  about 
70,000,000  feet  of  lumber.  In  order  to  standardize  the  work 
of  design,  the  following  table  of  allowable  stresses  for 
timber  was  issued  to  all  designers. 


The  wind  loads  used  in  design  on  walls  under  150  feet 
in  height  were  taken  at  20  lbs.  per  sq.  ft.  of  exposed  sur- 
face ; on  interior  courts,  10  lbs.  per  sq.  ft. ; on  roofs,  30  lbs. 
per  sq.  ft.  in  a horizontal  direction,  and  for  sloping  roofs 
reduced  by  Duchemin’s  formula.  The  stresses  in  steel 
members  were  taken  according  to  Ketchum’s  “Mill  Build- 
ings” specifications;  16,000  lbs.  per  sq.  in.  tension.  All  rods 
in  trusses  were  given  3000  lbs.  initial  tension,  and  all  stresses 
increased  25  per  cent,  for  wind.  The  details  in  timber 
design  call  for  more  attention  than  in  steel  design  since 
there  is  no  handbook  of  standards  for  timber  connections 
such  as  the  Cambria  and  Carnegie  handbooks  for  steel,  and 
to  reduce  this  work  to  a minimum  the  bureau  issued  a sheet 
showing  the  various  standards  to  be  used.  During  the  de- 
sign in  timber  framing  it  is  also  necessary  to  inspect  the 
work  with  a view  to  using  sizes  of  material  which  are  most 
easily  and  economically  obtained  in  the  open  market.  This 
part  of  the  work  was  largely  handled  on  the  advice  of  the 
bureau  of  estimates,  which  bureau  prepared  all  lumber  lists 
and  specifications  for  lumber  contracts. 

Those  familiar  with  construction  work  will  readily 
realize  the  truth  of  the  statement  that  in  building  construc- 
tion when  the  contract  cost  of  the  work  ranges  from  200,000 
to  400,000  dollars,  the  contractor  must  plan  his  work  ac- 
curately and  systematically  and  be  ever  on  the  outlook  to 
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see  that  all  false  motions  are  eliminated,  if  he  is  to  realize 
the  profit  which  he  figured  into  the  contract  price. 

A few  false  moves  of  the  fundamental  nature,  such  as 
over  equipment  of  the  work  or  improper  planning  of  fabri- 


cation operations  with  the  attendant  result  that  the  erection 
equipment  is  permitted  to  be  idle,  will  soon  eat  up  whatever 
profit  there  may  originally  have  been  in  the  contract  price 
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and  the  contractor  who  makes  these  errors  may  consider 
himself  lucky  if  at  the  completion  of  his  contract  his  books 
do  not  show  an  actual  loss  on  the  work. 

No  where  has  the  writer  seen  a better  opportunity  for 
the  comparison  of  construction  methods  than  is  to  be  had 
in  the  construction  of  the  main  group  of  eight  buildings. 
Of  these  eight  buildings,  three  are  under  contract  with  one 
firm,  two  with  another  firm,  while  each  of  the  remaining 
three  buildings  is  under  contract  with  a separate  firm.  It  is, 
therefore,  possible  to  compare  the  work  and  methods  of 
five  different  concerns,  each  doing  the  same  type  of  work 
and  working  under  similar  conditions,  as  regards  ground 
space  available  for  plant  and  storage  of  materials,  time 
limitations,  transportation  facilities,  centers  of  population 
and  the  like. 

In  making  comparison  of  methods  used,  the  reader 
should  recall  that  the  Exposition  Company  furnished  a cer- 
tain amount  of  lumber  required  for  the  construction  of  any 
one  building.  This  is  the  major  portion  of  the  lumber 
required,  and  a very  carefully  prepared  detailed  lumber  list 
is  furnished  to  the  contractor  to  show  him  exactly  what  size 
and  length  of  material  was  ordered  to  cover  the  lumber 
required  for  a given  purpose.  This  was  necessary  on 
account  of  the  fact  that  no  two  people  in  preparing  a buying 
list  would  make  the  same  combination  of  the  various  short 
pieces  of  lumber  required  in  actual  construction.  It  also 
should  be  remembered  that  due  to  the  limited  space  avail- 
able for  purposes  of  storage  of  material,  it  was  found  neces- 
sary to  insert  a clause  in  the  contract  providing  that  a 
contractor  should  construct  the  floor  of  his  building  before 
beginning  on  other  work.  By  doing  this  he  was  enabled  to 
use  the  floor  space  for  plaster  shop,  storage  of  material,  etc. 

We  then  have  a condition  admitting  of  very  little  initia- 
tive on  the  part  of  the  contractor  up  to  the  time  the  floor  is 
completed.  As  soon  as  work  starts  on  the  super-structure 
we  find  that  there  are  two  general  plans  of  procedure  being 
followed.  First,  there  is  the  method  of  placing  all  material 
necessary  for  the  various  parts  of  the  structure  on  the  floor 
and  fabricating  the  various  columns  and  trusses  in  their 
approximate  location,  this  fabrication  being  nearly  com- 
pleted before  any  erection  is  begun.  The  erection  work  is 
then  begun  and  the  construction  superintendent  gives  his 
time  entirely  to  this  operation.  Second,  there  is  the  method 
of  placing  materials  on  the  floor  for  a small  portion  of  the 
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structure  and  concentrating  the  fabricating  force  on  this 
one  particular  portion.  While  this  work  is  going  on,  the 
erection  equipment  is  assembled  so  that  as  soon  as  there  is 


a day’s  work  ahead  for  the  erection  crew,  the  work  of 
erection  is  started,  and  from  this  point  on  the  erection  crew 
is  not  more  than  a day  behind  work  of  fabrication. 


Main  Truss  “B”  which  carries  one-fourth  of  the  Total  Load  of  the  Main  Dome  of  the  Palace  of  Education. 
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Assuming  that  those  in  charge  of  the  work  have  taken 
the  necessary  steps  to  insure  reasonably  prompt  delivery  of 
materials,  the  two  general  methods  as  above  outlined  each 
have  their  good  points.  The  first  method  is  to  be  recom- 
mended because  of  the  following  points : the  maximum 
amount  of  time  is  obtained  for  study  of  erection  methods 
and  equipment  to  be  used ; the  energies  of  the  contractor 
and  his  superintendent  may  be  concentrated  on  one  oper- 
ation at  a time ; the  chances  of  delay  in  the  work  of  the 
erection  crew  are  reduced  to  a minimum ; the  maximum 
flexibility  in  fabrication  operations  is  obtained;  and  the 
chances  of  accident  to  workmen  during  fabrication  oper- 
ations is  reduced  to  a minimum  since  there  is  no  danger  of 
accidental  injury  due  to  material  falling  from  above.  The 
principal  arguments  against  the  first  method  are  as  follows : 
It  is  to  the  advantage  of  the  contractor  to  get  the  material 
in  place  and  receive  the  progress  payment  on  the  same ; 
there  is  little  chance  of  that  very  desirable  rivalry  between 
fabrication  and  erection  crew  which  tends  to  expedite  the 
work  of  each ; the  first  law  of  the  efficiency  expert  is  vio- 
lated in  the  fact  that  there  is  a lapse  in  the  continuity  of  the 
process  of  construction.  In  other  words,  the  parts  first 
fabricated  lie  inert  for  a month  or  six  weeks  after  being 
completed  ready  for  the  final  operation  of  erections ; and 
where  time  is  of  the  essence  of  the  contract,  as  is  manifestly 
true  in  the  work  under  consideration,  it  is  quite  probable 
that  this  method  will  require  twice  the  outlay  in  erection 
equipment  that  would  be  required  in  the  second  method. 

Let  us  now  consider  the  arguments  in  favor  of  the 
second  method : the  minimum  amount  of  capital  is  tied  up 
since  the  maximum  amount  of  material  handled  is  subject 
to  monthly  progress  payments ; the  outlay  for  erection 
equipment  is  reduced  to  a minimum ; the  work  of  fabrica- 
tion is  prosecuted  to  a maximum  speed  since  delay  in  fabri- 
cation means  loss  of  both  time  and  money  in  erection.  The 
principal  arguments  against  the  second  method  may  be 
summed  in  that  liability  to  accident  from  pieces  of  material 
falling  from  overhead  is  slightly  increased,  and  delay  in  the 
prompt  delivery  of  any  one  item  of  material  is  more  liable 
to  cause  serious  delay  in  erection  and  consequent  loss  of 
profit  on  the  equipment. 

As  a rule,  it  is  more  reasonable  to  base  one’s  decision 
on  concrete  results  than  on  the  intangible,  and  following 
this  rule  it  would  appear  that  the  second  general  method 
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should  be  followed.  The  foregoing  is  in  the  nature  of  a 
theoretical  analysis  of  methods  and  in  this  connection  it  is 


interesting  to  note  actual  results  as  obtained  on  the  con- 
struction of  the  eight  main  buildings  above  referred  to.  Of 
the  five  contracting  firms  doing  this  work,  four  followed 
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the  first  method,  and  one  the  second  method  of  procedure ; 
or,  in  other  words,  six  of  the  buildings  are  being  built  on 
the  first  method  and  two  on  the  second  method. 

The  contracts  for  the  buildings  were  let  in  the  follow- 
ing order : 


1.  Palace  of  Education 

2.  Palace  of  Food  Products 

3.  Palace  of  Agriculture 

4.  Palace  of  Liberal  Arts 

5.  Palace  of  Manufactures 

6.  Palace  of  Transportation 

7.  Palace  of  Varied  Industries 

8.  Palace  of  Mines 


March  17,  1913 
April  9,  1913 
April  26,  1913 
May  20,  1913 
May  26,  1913 
July  14,  1913 
June  17,  1913 
July  15,  1913 


The  first  six  buildings  in  the  above  list  are  the  ones 
which  are  being  constructed  according  to  the  first  method, 
while  the  last  two  are  being  constructed  according  to  the 
second  method.  Of  the  first  six  buildings  the  fourth,  fifth, 
and  sixth  as  shown  in  the  list  are  distinctly  behind  the  last 
two,  and  some  feel  that  it  is  more  than  possible  that  the  last 
two  buildings  shown  in  the  list  will  be  completed  before  the 
second  and  third  are  completed.  This  condition  is  not  en- 
tirely due  to  following  the  second  general  method  of  pro- 
cedure on  the  last  two  buildings,  but,  in  the  opinion  of  the 
writer,  a large  measure  of  the  rapidity  and  general  success 
of  this  contracting  firm  is  due  to  the  general  method  which 
they  selected. 

In  addition  to  the  work  of  building  construction  the 
bureau  of  estimates  also  has  to  deal  with  the  contracts  for 
the  construction  of  sewers,  high  pressure  and  low  pressure 
water  systems,  paving,  and  electric  wiring.  The  sewers 
are  constructed  principally  of  wood  stave  pipe  for  the  large 
diameter  and  second  quality  vitrified  tile  pipe  for  the 
smaller  sizes.  Lap  welded  steel  pipe  with  converse  lock 
joints  is  used  for  the  low  pressure  water  system,  while  for 
the  high  pressure  water  system  a heavy  grade  of  lap  welded 
steel  pipe  with  dressed  couplings  and  long  radius  extra 
heavy  cast  iron  flanged  fittings  are  used.  The  electric  wir- 
ing is  of  the  open  knob  and  cleat  type.  The  material  and 
workmanship  will  comply  with  the  1913  edition  of  the 
National  Electric  Code. 
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In  closing  this  paper  it  may  be  of  interest  to  state  the 
following  distribution  of  funds  for  the  construction  work 
as  outlined  above : 

General  construction  $2,044,000.00 

Mechanical  features  492,000.00 

Fire  protection  and  equipment  166,000.00 

Building  construction  5,864,000.00 

Decorative  features  1,989,000.00 

$10,555,000.00 

The  remaining  $945,000.00  not  here  accounted  for  but 
allotted  in  the  budget  for  buildings  and  grounds,  is  set  aside 
to  cover  the  cost  of  gardens  and  planting,  operating  equip- 
ments, administrative  expenses  of  the  division  of  works, 
and  miscellaneous  items,  such  as  drinking  fountains,  seats 
and  benches  around  the  grounds,  furniture  for  the  Exposi- 
tion Company’s  building,  floats  for  pyrotechnics,  small  boat 
landings,  freight  platforms,  etc. 
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THE  INSTALLATION  OF  A COST  SYSTEM 

H.  E.  Caldweu,,  ’io 

The  rapid  development  of  our  industries  during  recent 
years,  together  with  the  complexity  of  their  output,  is  mak- 
ing it  necessary  for  the  executive  to  know  exactly  what  his 
plant  is  doing  at  all  times.  To  meet  competition  he  finds  it 
necessary  to  know  not  only  what  each  completed  manufac- 
tured article  costs,  but  he  must  know  what  each  part  and 
each  operation  costs.  A comparative  study  of  similar  parts 
or  operations  often  disclose  “leaks,”  which  can  be  eliminated 
and  better  manufacturing  methods  substituted.  An  analysis 
once  a month  or  oftener,  instead  of  once  a year  from  the 
inventory,  discloses  the  dull  and  busy  periods,  also  the  fluc- 
tuations in  the  market.  He  is  thus  enabled  to  redistribute 
his  output  more  uniformly. 

These,  and  many  other  conditions,  have  given  rise  to 
cost  accounting.  It  has  been  rightly  said  that  cost  account- 
ing begins  where  regular  accounting  ends,  and  it  is  largely 
an  engineering  problem.  When  it  is  applied  to  an  industry 
with  sufficient  details,  the  cost  system  should  give  cost  per 
unit  for  each  product ; give  operation  costs ; give  location 
and  condition  of  each  unfinished  job ; show  amounts  of  pro- 
ductive labor  and  non-productive  labor,  and  their  distribu- 
tion ; show  amounts  of  productive  and  non-productive  ma- 
terial ; show  total  output  by  operation ; show  average  output 
per  month ; show  ratio  of  expense  to  productive  labor  per 
department ; compare  operation  costs  to  see  if  change  meth- 
ods result  in  net  saving ; compare  total  costs  per  month  with 
sales ; and  give  costs  of  all  goods  sold. 

There  are  about  as  many  systems  as  there  are  indus- 
tries, so  that  no  standard  system  can  be  given  to  cover  all 
cases.  It  is  the  purpose  of  this  article  to  give  briefly  some 
suggestions  that  might  prove  helpful  in  installing  a system. 

The  first  thing  necessary  is  to  find  out  exactly  what 
costs  the  executive  actually  wants  and  needs  to  know.  It 
is  necessary  to  have  his  hearty  cooperation,  for  his  attitude 
will  affect  the  rest  of  the  organization,  and  without  it  the 
system  would  be  about  as  useful  as  an  idle  machine  in  his 
plant.  The  abilities  and  habits  of  the  rest  of  the  organiza- 
tion should  be  known  and  utilized,  as  much  as  possible. 
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Habit  often  means  efficiency,  and  it  plays  a large  part  in  any 
industry.  Men  should  be  allowed  to  do  the  work  for  which 
they  are  best  fitted.  Caution  should  be  used  in  creating  new 
departments  to  satisfy  an  accounting  system.  Rather  the 
system  should  be  made  to  fit  the  existing  conditions.  This 
exact  knowledge  of  the  men  and  the  conditions  in  a plant 
cannot  be  acquired  easily  by  an  outsider  in  a short  time. 
Many  of  the  failures  of  cost  systems,  after  they  have  been 
installed,  can  be  traced  to  this  cause.  This  is  why  many 
companies  are  enlisting  the  services  of  their  own  engineers 
in  the  solution  of  this  problem. 

The  frame  work  upon  which  the  whole  system  is  built 
is  the  chart  of  accounts.  The  more  care  that  is  taken  in 
getting  this  as  nearly  exact  as  possible,  before  the  work 
starts,  the  better  the  results  will  be.  There  should  be  a chart 
of  general  accounts,  which  may  be  subdivided  as  follows : 

Assets 

Cash  accounts. 

Inventory  accounts. 

Plant  accounts. 

(a)  Real  estate  and  buildings. 

(b)  Machines  and  tools. 

Liabilities 

Outside  accounts. 

(a)  Accounts  payable. 

(b)  Interest  and  discount. 

Reserve  accounts. 

(a)  Depreciation  on  buildings. 

(b)  Depreciation  on  machinery. 

(c)  Interest  on  investment. 

(d)  Taxes. 

(e)  Repairs. 

(f)  Inventory  overs  and  shorts. 

Capital  accounts. 

(a)  Investments. 

(b)  Profit  and  loss. 

An  operation  chart  of  accounts  is  also  necessary.  The 
plant  should  be  divided  into  its  productive  and  non-produc- 
tive centers  or  departments.  Under  each  department  may 
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be  listed  the  operations  performed  in  that  department,  and 
as  nearly  in  the  order  in  which  they  are  performed  as  pos- 
sible. Care  should  be  used  in  showing  only  those  operations 
whose  costs  it  is  necessary  to  know.  Otherwise,  the  office 
is  easily  swamped  with  useless  details.  Later  each  depart- 
ment can  be  subdivided  as  much  as  is  deemed  necessary. 

Each  department  and  each  operation  may  contain  the 
following  accounts : Labor,  fuel,  fixed  charges,  sundries, 

supplies,  and  power.  Each  account  in  the  chart  should  have 
an  individual  number,  and  this  number  should  be  used  in- 
stead of  the  name  of  the  account,  as  it  will  save  a great  deal 
of  clerical  labor.  An  example  of  this  kind  of  a chart  is  as 
follows : 

Steam  Peant 
Acct.  No.  140  Labor 

141  Fuel 

142  Fixed  charges 

143  Sundries 

Sheet  Metae  Department 

144  Labor 

145  Fixed  charges 

146  Sundries 

Beanking 

147  Labor 

148  Power 

149  Fixed  charges 

150  Sundries 

One  of  the  most  important  items  affecting  the  true 
costs,  is  the  proper  interpretation  and  distribution  of  the 
values  of  the  buildings  and  equipment  in  the  plant.  These 
values  are  placed  in  the  fixed  charge  accounts.  A very  good 
method  of  obtaining  and  recording  these  fixed  charges  is 
by  the  use  of  the  fixed  charge  sheet.  This  sheet  should 
show  the  names,  values  and  rates  of  depreciation  of  the 
various  items  charged  to  each  operation,  and  it  is  very  con- 
venient in  the  handling  of  future  changes  of  operations  or 
equipment. 

Before  obtaining  the  values  of  the  equipment,  a plat 
of  the  plant  should  be  obtained  and  the  various  buildings 
should  be  designated  by  some  symbol ; i.  e.,  Building  A, 
Building  B.  Then  drawings  of  the  floor  area  of  the  differ- 
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ent  buildings  should  be  obtained.  These  drawings  should 
show  the  location  of  the  machines,  motors,  line  shafts,  and 
such  other  equipment  as  seems  advisable.  The  machines 
should  all  be  numbered  for  purposes  of  identification  and 
repair  record.  A very  successful  method  of  numbering  the 
machines  is  to  let  the  first  symbol  be  that  of  the  building, 
the  second  the  number  of  the  floor,  and  the  third  of  the 
machine.  Thus,  A-2-17  shows  that  it  is  machine  No.  17 
on  the  second  floor  of  building  A.  The  floor  space  should 
be  divided  into  sections ; the  productive  space  being  charged 
directly  to  the  various  operations,  and  the  non-productive 
space  being  charged  to  the  general  fixed  charge  account  for 
the  department  in  which  it  is  located. 

In  obtaining  the  physical  value  of  the  plant,  it  is  con- 
venient to  obtain,  where  possible,  the  original  value  of  the 
various  items  from  appraisals,  office  records,  or  unit  cost 
data,  and  then  obtain  a certain  per  cent,  of  the  original 
value  for  the  present  value.  The  “present  value”  does  not 
necessarily  mean  the  price  for  which  the  owners  would  be 
willing  to  sell  the  equipment,  nor  the  price  that  could  be 
obtained  by  selling  to  others,  nor  the  cost  to  produce,  but 
it  should  represent  the  value  of  the  equipment  to  the  own- 
ers in  continuing  the  manufacturing  processes  as  they  now 
exist.  Any  change  in  methods  or  equipment  which  can  be 
foreseen,  can  be  taken  care  of  by  a greater  rate  of  deprecia- 
tion. 

To  avoid  confusion,  repetition  or  omission  of  fixed 
charge  items,  it  is  advisable  to  group  them  into  separate 
classes,  and  to  collect  the  costs  of  each  group  separately. 
Items  should  be  charged  directly  to  operations  where  pos- 
sible. If  they  are  common  to  more  than  one  operation,  their 
value  should  be  prorated.  The  following  shows  the  method 
of  classifying  and  obtaining  values  for  the  fixed  charge 
sheet : 

Machines — Includes  initial  cost,  cost  of  installation, 
driving  belts  and  countershaft.  Charge  directly  to  operation. 

Furnaces — Includes  initial  costs,  installation  and  initial 
bricking.  Charge  directly  to  operation. 

Browers — Cost  installed.  Charge  directly  or  prorate 
by  number  of  burners. 

Piping  air  and  oir — Cost  installed  including  mains, 
branches,  storage  tanks,  stand  pipes,  and  pumps.  Prorate 
by  the  number  of  burners. 


9o 


Purdue  Engineering  Review 


Transmission — Cost  installed  of  line  shafts,  pulleys, 
driving  belts,  and  motors.  Prorate  by  H.  P.  of  machines 
driven. 

Exhaust  Systems — Cost  installed.  Prorate  by  num- 
ber and  size  of  outlets. 

Benches,  Racks  and  Tabres — Charge  directly  to 
operation  or  department. 

Dies,  Forms,  and  Special  Tools — Charge  directly  to 
operation  or  department. 

Transportation — This  includes  elevators,  conveyors, 
chutes,  derricks,  trucks,  monorails,  etc.  These  should  be 
charged  directly  to  operations  where  possible,  or  prorated 
by  floor  area  to  the  departments  to  where  they  apply. 

Buildings — These  should  be  prorated  to  departments 
and  operations  by  multiplying  the  square  feet  of  floor  space 
occupied  by  each,  by  the  value  of  the  building  per  square 
foot. 

Illumination— This  includes  wiring,  lamps,  reflectors, 
and  switchboards  installed  and  may  be  prorated  by  the  watts 
per  sq.  ft.  of  area  lighted. 

Fire  Protection  Appliances — This  includes  sprinkler 
systems,  trucks,  hose,  fire  engines,  pumps  and  hand  extin- 
guishers. These  may  be  prorated  by  the  square  feet  of  floor 
area  protected. 

Plumbing — This  includes  sewers,  water  mains,  fix- 
tures, etc.,  and  may  be  prorated  by  floor  area. 

General  Equipment — Items  which  apply  to  the  whole 
plant  such  as  office  furniture,  sheds,  pavements,  fences,  etc., 
may  be  charged  to  a general  fixed  charge  account. 

For  any  given  period,  the  fixed  charges  of  any  opera- 
tion, which  did  not  contain  any  productive  labor,  may  be 
added  to  the  fixed  charges  of  its  department.  The  general 
fixed  charges  of  the  departments,  and  the  general  fixed 
charges  for  the  plant  may  be  prorated  to  the  various  opera- 
tions by  the  amount  of  the  productive  labor  obtained  from 
the  pay  roll  for  that  period. 

After  assigning  values  to  all  of  the  equipment,  the  next 
step  is  to  determine  the  life  of  each  item,  or  its  rate  of  de- 
preciation. This  is  the  basis  on  which  the  replacement  fund 
is  established.  If  the  pay  roll  comes  bi-monthly,  then  each 
machine  or  building  is  depreciated  one  twenty-fourth  of  its 
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annual  depreciation.  This  amount  is  shown  on  fixed  charge 
sheets  opposite  each  item  of  equipment.  The  rates  of  de- 
preciation should  be  governed  by  the  existing  conditions  in 
the  plant,  and  by  good  engineering  practice.  The  following 
rates  may  be  used  as  a guide : 


Machine  shop 

Exhaust  systems 

20% 

machinery 

3-5% 

Sprinklers 

4 

Power  hammers 

10 

Horses 

15 

Tumblers 

10 

Office  furniture 

7 

Saws 

10 

Benches 

5 

Power  trans- 

Fire protection  piping 

10 

mission 

7 

Steam  piping 

10 

Electric  wiring 

10 

Water  piping 

7 

Hoists 

5 

Sewer  piping 

3 

Furnaces 

8 

Gas  and  air  piping 

4 

Dies 

35 

Heating  system 

10 

Patterns 

7 

Buildings  2- 

-10 

Trucks 

10 

The  interest  per  year  on 

the  investment  is  prorated  by 

the  total  value  of  buildings  and  equipment  for  each  opera- 
tion or  department.  Taxes  and  insurance  may  be  prorated 
by  the  floor  area  of  each  operation  or  department. 

In  the  operation  of  a cost  system,  a large  number  and 
variety  of  forms  are  necessary  to  keep  the  various  records, 
and  the  printing  bill  is  a large  item.  It  is  advisable  to  util- 
ize, as  much  as  possible,  the  forms  already  in  use,  and  the 
size  of  the  new  forms  should  be  some  multiple  of  the 
standard  printers’  sheets,  to  avoid  waste  in  cutting.  These 
items  are  often  neglected  by  cost  accountant  experts. 

The  subject  has  not  been  fully  covered  in  this  article. 
The  method  of  handling  labor  accounts,  orders,  raw  ma- 
terial and  supplies,  and  all  the  other  accounts  that  go  to 
make  up  the  monthly  analysis  sheet  has  not  been  touched. 
Those  items  which  have  been  mentioned  are  ones  that  must 
be  met  by  the  man  on  the  job,  and  it  is  hoped  that  the  sug- 
gestions offered  may  be  of  some  assistance  in  the  solution 
of  similar  problems. 
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A HYDRO-ELECTRIC  INSTALLATION  IN 
CENTRAL  HONDURAS 

V.  T.  Mavity,  ’13 

All  of  the  energy  that  is  used  in  the  Rosario  Mines, 
which  are  located  near  San  Juancito,  Honduras,  Central 
America,  is  supplied  by  two  hydro-electric  power  stations, 
one  of  which  is  at  San  Juancito,  and  the  other  at  Guadalupe, 
about  one  and  one-half  miles  north  and  east  of  San  Juan- 
cito. Mountain  streams  furnish  the  water  supply  for  both 
plants.  More  than  a quarter  of  a mile  above  the  level  of 
San  Juancito  there  are  dams  across  the  streams  from 
which  the  water  is  carried  in  wooden  canals  to  the  San 
Juancito  water  box.  The  water  that  is  not  directed  into 
the  canals  flows  on  down  to  San  Juancito,  where  the  two 
main  streams  meet  and  flow  past  the  power  station.  Just 
below  the  station,  there  is  a dam,  which  directs  the  water 
into  the  Guadalupe  canal.  The  discharge  water  from  the 
San  Juancito  plant  also  flows  into  the  Guadalupe  canal  and 
is  used  again  at  Guadalupe. 

The  Escobales  flume,  from  the  farthest  dam  to  the 
water  box,  is  two  miles  long  with  a grade  of  0.66  per  cent, 
and  is  two  feet  wide  and  18  inches  high.  The  San  Juancito 
canal  is  2J/2  feet  wide  by  18  in.  high,  is  7300  feet  long  and 
has  a grade  of  0.50  per  cent.  Through  these  two  canals 
the  water  flows  to  a water  box  of  wood  construction  which 
acts  as  a small  reservoir  at  the  head  of  the  pipe  line.  The 
Guadalupe  flume  is  three  ft.  wide  by  two  ft.  high  and  6000 
ft.  long.  Its  grade  is  0.20  per  cent. 

The  San  Juancito  pipe  line  is  made  up  of  three  different 
sizes  of  pipe.  The  first  is  20  inch  riveted  pipe,  and  runs 
from  an  elevation  at  the  water  box  of  1345  feet  above  the 
power  plant,  down  to  an  elevation  of  1054  feet,  making  a 
total  length  of  784  feet.  At  this  point,  there  is  a section  of 
tapered  pipe  which  changes  from  20  to  17  inches.  There 
are  708  feet  of  17  inch  pipe  which  runs  down  to  an  eleva- 
tion of  788  feet.  From  this  point  on  down  to  an  elevation 
of  644  feet,  there  is  689  feet  of  14  inch  riveted  pipe,  and 
from  the  644  foot  elevation  to  zero  elevation,  at  the  power 
plant,  there  are  2347  feet  of  14  inch  lap  welded  pipe.  This 
makes  a total  of  4528  feet  of  pipe  line  and  a total  head  of 
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1355  feet  when  the  water  box  is  full.  Where  the  pipe  line 
enters  the  power  house,  it  divides  into  two  branches,  one 
for  each  machine.  There  are  three  valves  on  each  of  these 
branches — first,  the  main  valve ; second,  the  by-pass  valve ; 
and  third,  the  needle  valve  which  controls  the  size  of  the 
jet  that  issues  from  the  nozzle. 

The  pipe  line  for  Guadalupe  is  all  20  inch  riveted  pipe 
and  is  2500  feet  long.  When  the  Guadalupe  water  box  is 
full,  the  static  head  at  the  plant  is  486  feet.  The  pipe  and 
valve  arrangement  inside  the  plant  is  the  same  as  at  San 
Juancito. 


Pelton  Water  Wheels  in  Guadalupe  Plant. 


At  the  San  Juancito  plant,  the  equipment  consists  of 
two  Pelton  impulse  water  wheels,  direct  connected  to  West- 
inghouse  350  kv.a.,  three  phase,  sixty  cycle,  and  6600  volt 
alternators.  The  machines  run  at  a speed  of  600  r.p.m., 
which  is  controlled  by  means  of  a Pelton  hydraulic  governor. 
The  principle  of  this  governor  is  the  deflecting  of  the  water 
from  the  wheel  whenever  the  speed  tends  to  exceed  the 
normal.  This  deflection  is  accomplished  by  means  of  an  iron 
hood  which  swings  in  front  of  the  nozzle  and  cuts  ofif 
part  of  the  water.  A piston  which  is  operated  by  oil  under 
pressure,  controls  the  movements  of  this  hood.  Whenever 
the  speed  tends  to  drop,  the  oil  pressure  causes  the  piston 
to  move  in  such  a manner  that  the  hood  will  deflect  less 
water.  If  the  speed  tends  to  increase  the  oil  is  forced  into 
the  other  end  of  the  cylinder  and  the  piston  moves  the  hood 
so  that  it  will  deflect  more  water.  The  oil  is  directed  to  the 
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proper  end  of  the  cylinder  by  means  of  a distributing  valve 
which  is  actuated  by  a centrifugal  device.  At  the  same 
time  that  the  distributing  valve  admits  oil  to  one  end  of  the 
cylinder,  it  opens  a port  to  let  out  the  oil  in  the  other  end. 
A gear  pump  which  maintains  the  oil  pressure  together  with 
the  centrifugal  device,  is  driven  by  a belt  from  the  Pelton 
shaft. 

Since  the  deflecting  hoods  of  each  machine  are  mechan- 
ically connected  so  that  they  act  together,  the  one  governor 
serves  for  both  machines.  When  the  governor  is  for  any 
reason  out  of  service,  the  deflecting  hoods  are  controlled 
by  a hand  wheel. 


Switchboard  in  Rosario  Substation. 


There  are  four  panels  on  the  switchboard — one  exciter 
panel ; two  panels  for  the  two  alternators ; and  another 
panel  with  a power  factor  meter,  an  ammeter  that  reads 
total  current  for  the  station,  and  an  automatic  oil  switch 
for  the  protection  of  the  station  apparatus.  Besides  these 
main  panels,  there  is  a small  voltage  regulator  panel  at  one 
end,  and  a swinging  bracket  with  voltmeter  and  synchro- 
scope at  the  other  end  of  the  switchboard.  At  Guadalupe, 
the  equipment  is  practically  the  same,  except  that  the  appa- 
ratus is  General  Electric  instead  of  Westinghouse,  and  that 
there  is  no  automatic  oil  switch  panel  on  the  switchboard. 
Each  plant  is  protected  from  lightning  and  heavy  surges 
by  an  aluminum  cell  lightning  arrester  used  in  connection 
with  choke  coils. 
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The  two  plants  are  operated  in  parallel.  At  the  junc- 
tion of  the  transmission  lines  there  is  a switch  house  with 
switches  so  arranged  that  either  section  of  line  may  be  cut 
out  of  service  for  repairs  without  interrupting  the  operation 
of  the  other  plant.  Either  voltage  regulator  may  be  used 
alone,  but  the  two  regulators  will  not  operate  together  be- 
cause the  line  drop  between  each  plant  and  the  switch  house 
is  different  except  at  a certain  definite  load  for  each  plant. 
Consequently,  except  at  this  definite  load,  each  regulator 
tends  to  give  a different  voltage  at  the  switch  house  and 
they  therefore  work  against  each  other.  This  difficulty  could 
be  remedied  by  adding  a line  drop  compensating  coil  to 
each  regulator.  However,  for  the  service  here,  one  regu- 
lator is  always  sufficient  to  control  the  voltage,  and  for  that 
reason  the  compensation  for  line  drop  has  never  been  made. 

Perhaps  the  greatest  source  of  trouble  in  the  operation 
of  these  plants  is  due  to  the  interruption  of  the  water  sup- 
ply to  the  pipe  line.  In  the  majority  of  cases,  the  reason 
for  the  water  being  held  back,  is  that  dirt,  grass,  leaves,  etc., 
accumulate  on  the  screens  inside  the  water  box  at  the  en- 
trance to  the  pipe  line,  thus  effectually  holding  back  the 
water  so  that  instead  of  going  through  the  screens,  it  over- 
flows at  the  spillway.  When  the  water  is  held  back  from 
the  Guadalupe  pipe  line,  it  is  only  a matter  of  a very  few 
minutes  until  the  pipe  line  runs  half  dry,  thus  throwing 
the  whole  load  suddenly  on  the  other  plant.  In  case  of 
trouble  at  the  San  Juancito  water  box,  however,  the  pipe 
is  so  long  that  almost  the  whole  load  may  be  carried  for 
several  minutes,  thus  giving  plenty  of  time  to  notify  the 
other  plant  and  to  call  one  of  the  sub-stations  and  have  the 
load  cut  down  until  the  water  pressure  returns  to  normal. 
At  Guadalupe  there  is  an  automatic  low  pressure  alarm 
which,  when  the  pressure  drops  to  the  critical  point,  rings 
a bell  that  notifies  the  operator  of  the  low  pressure. 

There  are  two  sub-stations  in  the  system.  One  is  at 
Rosario,  in  the  “Mill”  building,  and  the  other  is  in  the  air 
compressor  station  at  Pena  Blanca.  At  Rosario,  the  volt- 
age is  stepped  down  from  6600  to  2200.  The  stamps,  which 
crush  the  ore,  are  driven  by  a Westinghouse  150  H.  P. 
synchronous  motor,  with  an  additional  no  H.  P.  syn- 
chronous motor  for  emergency  use.  There  is  one  clutch 
on  the  main  shaft  between  the  two  motor  pulleys  and  an- 
other clutch  between  both  motor  pulleys  and  the  load.  An 
induction  motor,  belted  to  the  same  section  of  main  shaft 
as  the  emergency  motor,  is  used  for  starting  either  motor. 
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The  induction  motor,  however,  drives  both  motors  above 
synchronous  speed.  A special  synchronizing-  device  for 
starting  the  motors  is  employed,  the  following  steps  being 
required  for  starting : first,  start  the  induction  motor ; then 
put  field  on  the  synchronous  motor  and  raise  its  voltage  to 
a predetermined  value  above  line  potential.  It  must  be  re- 
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membered  that  the  induction  motor  drives  the  synchronous 
motor  above  synchronous  speed,  and,  if  its  voltage  is  above 
normal  when  the  speed  is  above  synchronism,  then  when 
the  speed  drops  to  synchronism,  the  voltage  will  at  the  same 
time  drop  to  line  potential.  Having  the  synchronous  motor 
running  above  synchronism  and  the  voltage  above  normal, 
the  induction  motor  oil  switch  is  tripped  out  and  the  speed 
and  voltage  begin  to  drop.  As  soon  as  the  induction  motor 
circuit  is  opened,  the  control  switch  of  the  automatic  syn- 
chronizer must  be  moved  to  the  closing  position,  and  when 
the  speed  and  voltage  of  the  synchronous  motor  decrease, 
so  that  they  both  reach  normal  at  the  same  time,  the  auto- 
matic synchronizer  closes  a direct  current  circuit  which 
closes  the  main  switch.  The  synchronous  motor  is  operated 
with  a leading  power  factor  of  .60.  This  is  done  to  raise 
the  low  lagging  power  factor  of  the  line  caused  by  the  in- 
duction motor  load. 

At  the  Pena  Blanca  sub-station,  the  voltage  is  stepped 
down  from  6600  to  440.  The  air  compressors  are  driven 
by  two  440  volt,  280  H.  P.  induction  motors.  There  is  also 
a motor  generator  set  that  supplies  250  volts,  d.  c.,  to 
operate  the  electric  locomotives  at  the  Pena  Blanca  level. 
There  are  in  the  mill,  in  the  shops  at  Rosario  and  at  Pena 
Blanca,  and  in  the  compressor  station,  55  motors  aggre- 
gating about  1600  H.  P.  In  addition  to  these  motors,  there 
are  six  electric  locomotives  which  haul  the  ore  trains  from 
the  mine  to  the  mill.  Both  sub-stations  have  aluminum  cell 
lightning  arresters,  used  in  connection  with  choke  coils,  to 
protect  the  apparatus  from  lightning  and  heavy  surges  on 
the  line. 

Although  the  transmission  line  runs  from  an  elevation 
of  3179  feet,  at  Guadalupe,  to  a 5895  foot  elevation,  at  Pena 
Blanca,  yet  the  line  is  entirely  free  from  any  noticeable 
atmospheric  disturbances.  However,  in  order  to  minimize 
such  trouble,  should  it  ever  arise,  there  is  a ground  wire 
running  on  top  of  each  pole  from  Guadalupe  and  San  Juan- 
cito  to  the  end  of  the  line  at  Pena  Blanca. 
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STREET  LIGHTING  IN  CHICAGO 

A.  B.  Gates,  ’09 

During  the  year  1887,  105  direct  current  open  arc 
lamps  were  installed  in  the  down  town  district  of  Chicago. 
From  year  to  year,  lamps  of  the  same  type  were  added,  until 
in  1898  there  were  1,710  lamps  operating.  Up  to  this  time, 
the  lighting  had  been  operated  by  a separate  bureau  of  the 
fire  department,  but  in  1898  the  electrical  department  was 
created.  The  direct  current  arc  lamps  were  supplied  with 
current  from  Brush  arc  machines,  belt  connected  to  steam 
engines.  An  alternating  current  plant  was  added,  and  by 
1908  there  were  8,600  arc  lamps  operating  on  the  streets  of 
Chicago. 

In  the  year  1908,  the  City  of  Chicago  entered  into  a 
contract  with  the  Sanitary  District  of  Chicago,  whereby  the 
Sanitary  District  of  Chicago  was  to  supply  the  city  with 
power.  This  contract  made  possible  the  much  needed  ex- 
tensions in  the  lighting  system.  The  steam  engines  were 
disconnected  in  the  direct  current  stations  and  synchron- 
ous motors  installed  to  drive  the  Brush  arc  machines. 
Transformers  were  installed  in  the  alternating  current  sta- 
tions and  the  steam  engines  and  generators  in  these  stations 
held  for  reserve  capacity.  Other  alternating  current  sta- 
tions were  added  and  the  lighting  capacity  was  greatly  en- 
larged. In  1910,  there  were  12,000  arc  lamps  in  operation 
and  during  that  ypar  the  City  of  Chicago  entered  into  a 
second  contract  with  the  Sanitary  District  of  Chicago,  by 
which  the  Sanitary  District  agreed  to  operate  and  maintain 
the  city  lighting  stations  and  to  install  10,000  alternating 
current  arc  lamps  of  modern  type,  or  their  equivalent  in 
other  forms  of  lighting;  also,  to  build  the  necessary  stations 
(at  least  three  in  number),  to  take  care  of  the  new  lighting, 
and  to  rehabilitate  the  old  lighting  system ; and  to  replace 
the  old  direct  current  arc  lamps  and  station  equipment  with 
modern  alternating  current  arc  lamps  and  station  equip- 
ment. When  this  contract  is  completed,  there  will  be  on 
the  streets  of  Chicago  over  25,500  arc  lamps  or  their  equiv- 
alent. Over  75  per  cent,  of  these  will  be  lamps  of  modern 
type. 
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The  arc  lamp  adopted,  and  of  which  there  are  about 
10,000  now  installed  and  operating  on  the  streets  of  Chicago, 
is  the  “series  alternating  current  long  burning  10  ampere, 
flame  arc  lamp.”  These  lamps  are  trimmed  with  white 
flaming  carbons  and  adjusted  to  465  watts  at  the  terminals 
so  as  to  have  a maximum  intensity  of  about  1,700  candle 
power  at  an  angle  of  25  degrees  with  the  horizontal.  They 
are  being  installed  in  the  business  and  manufacturing  dis- 
tricts, and  in  the  residential  districts  where  there  are  few 
trees.  In  most  cases,  the  arc  lamps  are  hung  on  one  side  of 
the  street  about  25  feet  above  the  ground  and  average  about 
23  lamps  to  the  mile.  The  same  type  of  lamp  is  in  general 
use  on  the  boulevards,  but  here  they  are  on  both  sides  of 
the  streets,  staggered,  and  more  closely  spaced  than  on  the 
business  streets. 

From  65  to  70  of  these  lamps  are  connected  in  series 
and  from  30  to  60  circuits  are  operated  out  of  one  station. 
In  most  of  the  business  districts,  underground  type  of  con- 
struction is  being  used.  The  cable  is  carried  up  through  the 
iron  pole  and  out  through  the  hanger  arm,  all  connections 
thus  being  concealed.  In  the  outlying  districts,  aerial  con- 
struction is  used.  In  all  the  new  districts,  the  lamps  are 
provided  with  a raising  and  lowering  device  with  an  auto- 
matic circuit  cut-out,  so  that  the  lamp  may  be  lowered  for 
inspection  without  disturbing  the  rest  of  the  circuit  and 
without  danger  to  the  repairman. 

In  the  residential  districts,  where  the  trees  would  inter- 
fere with  arc  lamps  which  are  necessarily  hung  a consider- 
able distance  above  the  street,  four  ampere  80  candle  power, 
series,  tungsten  lamps  are  being  installed.  The  lamps  are 
mounted  in  a 14  inch  spherical,  opalescent  globe  about  11 
feet  from  the  ground,  on  a hollow  cast  iron  pole.  The  pole 
is  set  in  the  parking  about  two  feet  from  the  curb.  Iron 
armored  cable  is  used  for  connecting  these  lamps.  This 
cable  is  laid  in  the  parking  just  inside  the  curb  and  buried 
about  il/2  to  2 feet  in  the  ground.  The  cable  is  run  up 
through  the  hollow  pole,  so  that  all  connections  are  con- 
cealed. These  lamps  are  placed  on  both  sides  of  the  street 
and  staggered  so  that  there  is  a lamp  to  every  75  feet  of 
street.  About  230  lamps  are  connected  in  a circuit.  There 
will  be  about  7,000  of  these  lamps  installed. 

An  attempt  has  been  made  to  divide  the  city  into  suit- 
able districts  so  as  to  operate  as  many  circuits  as  possible 
from  one  station,  and  in  this  way  cut  down  the  cost  of 
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operation.  The  power  is  distributed  to  these  stations  at 
12,000  volts  and  is  stepped  down  to  5,000  by  250  kv.a.  trans- 
formers which  are  connected  delta  on  the  12,000  volt  side 
and  star  on  the  5,000  volt  side.  The  neutral  of  the  low  ten- 
sion side  is  grounded  and  all  banks  in  the  station  are  nor- 
mally operated  in  parallel.  The  arc  and  incandescent  cir- 
cuits are  taken  off  of  the  live  buses  through  automatic  oil 
switches  and  induction  type,  constant  current  regulators, 
to  the  circuits,  then  back  from  the  circuits,  through  air 
break  disconnecting  switches,  to  the  neutral  bus.  This  sys- 
tem is  used  in  all  the  arc  lighting  stations  in  Chicago. 

In  districts  where  there  is  no  electric  lighting,  a new 
type  of  single  inverted  mantle  gas  lamp  is  used.  The  lamps 
are  about  12  feet  above  the  ground  and  develop  50  candle 
power  with  a gas  consumption  of  three  cubic  feet  per  hour. 
Gasoline  mantle  lamps  were  installed  in  such  districts  as 
were  not  supplied  with  gas  mains.  These  lamps  are  very 
much  like  the  gas  lamps  in  appearance,  except  that  the  man- 
tle is  not  of  the  inverted  type.  They  develop  50  candle 
power  through  all  glassware. 

Besides  the  regular  street  lighting  furnished  by  the 
city,  there  is  a type  of  multiple  cluster  tungsten  lighting 
supplied  and  maintained  by  the  Chicago  Edison  Company 
and  paid  for  by  the  merchants  along  the  street.  These  clus- 
ters are  placed  a little  inside  the  curb  in  accordance  with  a 
recent  ordinance,  which  in  the  down-town  district  requires 
five  lamps — one  at  the  top  of  a 14  foot  pole  with  the  re- 
maining four  a little  below,  symmetrically  arranged  about 
it.  In  the  outlying  districts  12  foot  poles  are  used.  This 
lighting  is  turned  off  between  1 1 o’clock  and  midnight. 

The  elevation  of  the  steam  roads  gave  rise  to  a trouble- 
some problem  in  the  lighting  of  the  subways  or  viaducts 
under  these  tracks.  Some  of  these  viaducts  are  nearly  a 
half  mile  in  length  and  must  be  lighted  continuously.  A 
standard  of  one  16  candle  power  lamp  to  every  400  square 
feet  of  street  and  sidewalk  was  adopted.  Tamps  are  placed 
in  the  center  of  the  ceiling  above  the  sidewalk,  with  20  foot 
spacing.  The  remaining  lamps  are  then  divided  and  spaced 
evenly  along  the  curbs.  In  the  first  installations,  the  lamps 
were  placed  in  enameled  reflectors  with  the  reflector  throw- 
ing the  lighting  perpendicularly  across  the  street,  but  it  was 
found  that  by  turning  the  reflector  so  as  to  throw  the  light 
across  the  street  at  an  angle  of  45  degrees  with  the  direc- 
tion of  travel,  a much  better  effect  was  obtained.  By  this 
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scheme,  the  traffic  ahead  of  the  vehicle  is  illuminated  and 
the  reflector  keeps  the  glare  of  the  lamp  out  of  the  driver’s 
eyes,  as  there  is  no  light  thrown  opposite  to  the  direction  of 
travel,  except  that  from  the  other  driveway,  and  this  causes 
little  trouble,  since  the  streets  are  comparatively  wide  and 
the  center  supports  tend  to  cut  off  this  light. 

At  the  present  time  there  are  installed  in  the  streets  of 
Chicago, 

10.000  10  ampere,  alternating  current,  series,  flame  arc  lamps, 

1,300  9 ampere,  direct  current,  open  arc  lamps, 

4,700  6.6  ampere,  alternating  current,  enclosed  arc  lamps, 

3.500  4 ampere,  alternating  current,  series,  tungsten  lamps, 

12.000  inverted  mantle,  50  candle  power  gas  lamps, 

6.500  upright  mantle,  50  candle  power  gasoline  lamps. 

When  the  work  covered  by  the  present  contract  be- 
tween the  City  of  Chicago  and  the  Sanitary  District  of  Chi- 
cago is  completed,  there  will  be  in  operation  in  the  streets 
and  boulevards  of  Chicago  over  50,000  lighting  units. 

The  following  approximate  figures  will  give  a fair  idea 
of  what  it  costs  to  operate  and  maintain  the  various  types 
of  lighting.  These  figures  include  interest  and  depreciation : 

Cost  of 
lamp  per  year 


10  ampere,  flame,  aerial  type  of  construction $55.00 

10  ampere,  flame,  underground  type  of  construction....  73.00 
4 ampere,  series  tungsten,  underground  type  of  con- 
struction   26.00 

Gasoline,  single  mantle  30.00 

Gas,  single,  inverted  mantle 22.00 

The  cost  per  mile  of  lighting  per  year,  including  invest- 
ment charges,  is  approximately  as  follows  : 

Flame  lamps,  underground  type  of  construction $1,700,00 

Flame  lamps,  aerial  type  of  construction 1,300.00 

Series  tungsten  lamps  2,000.00 

Inverted  mantle  single  burner  gas  lamps 1,700.00 
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HYDROGRAPHIC  AND  TOPOGRAPHIC  SURVEY  OF 
THE  WABASH  RIVER  AND  VALLEY 

E.  B.  ’ii 

By  Act  of  Congress  in  1910,  an  investigation  of  the 
feasibility  of  improvement  of  the  Wabash  river  from  its 
mouth  to  Terre  Haute,  Indiana,  was  authorized.  The  in- 
vestigation covered  the  possible  methods  of  canalization, 
regularization,  dredging,  reservoirs,  and  combinations  of 
these  operations. 

To  secure  the  necessary  data,  a survey  of  the  river  and 
its  valley  subject  to  overflow  at  extreme  high  water  was 
made  under  the  direction  of  the  U.  S.  District  Engineer 
Office  at  Louisville,  Ky.,  by  Geo.  H.  Wolbrecht,  U.  S.  As- 
sistant Engineer.  Preparations  were  started  for  the  survey 
in  the  spring  of  1911.  The  construction  of  the  necessary 
equipment  and  requisition  for  instruments  from  Washing- 
ton, D.  C.,  covered  a period  of  several  months.  In  June, 
1911,  while  these  preparations  were  being  made,  a party  was 
sent  out  to  establish  permanent  gages  at  the  following 
places:  Terre  Haute,  Ind. ; Darwin,  111.;  Riverton,  Ind. ; 

Vincennes,  Ind. ; St.  Francisville,  111. ; Grayville,  111.,  and 
Maunie,  111.  Permanent  gages  already  existed  at  Grand 
Rapids  Lock  and  Mt.  Carmel,  111.  These  gages  were,  in 
most  cases,  placed  on  bridge  piers  with  a view  to  perma- 
nence. Observers  who,  in  most  cases  were  bridge  watch- 
men, were  appointed  to  keep  a daily  record  of  the  stage. 
Elevation  of  the  zero  of  these  gages  was  referred  to  bench 
marks,  the  elevation  of  which  was  later  determined  by  the 
precise  level  party. 

The  work  of  preparation  was  completed  and  the  sur- 
vey was  organized  at  Terre  Haute,  Ind.,  in  July,  1911.  The 
floating  plant  necessary  to  carry  on  the  survey  consisted  of 
two  small  house  boats  purchased  and  remodeled  for  the  pur- 
pose of  a survey  party;  one  large  quarter  boat  built  for  the 
purpose ; one  barge  to  carry  provisions  and  property ; one 
barge  used  as  a drill  boat ; three  especially  designed  gasoline 
launches ; and  six  24  foot  yawls.  The  entire  plant  was  de- 
signed to  meet  the  conditions  demanding  strength  and  light 
draft. 
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In  order  to  secure  accurate  results,  it  was  decided  to 
run  a carefully  measured  base  line  and  a line  of  precise 
levels,  with  separate  bench  marks  for  each,  as  a control  for 
the  survey.  To  make  the  river  survey  during  the  favorable 
low  water  season,  it  was  decided  to  run  the  control  and 
make  the  river  survey  on  the  first  trip  down  the  river,  and 
then  return  and  make  the  valley  survey  on  the  second  trip. 
The  control  was  run  ahead  of  the  topographic  and  hydro- 
graphis  parties,  so  that  computation  necessary  for  the  eleva- 
tion and  position  of  the  permanent  marks  could  be  made. 

The  precise  level  and  base  line  parties  were  organized 
as  a unit  and  used  the  two  smaller  quarterboats ; a supply 
boat ; one  gasoline  launch ; and  three  yawls  as  their  floating 
plant.  This  party  took  the  field  July  20,  1911.  Their  or- 
ganization at  first  consisted  of  one  base  line  party  and  two 
precise  level  parties,  but  when  it  was  found  that  the  two 
precise  level  parties  covered  distance  more  rapidly  than  the 
base  line  party,  one  level  party  was  converted  into  a low 
water  discharge  party  and  finally  abandoned  altogether. 
This  party  completed  its  work  on  the  tenth  of  December, 
1911,  and  was  converted  into  a topographic  and  hydro- 
graphic  party  which  assisted  the  second  party  to  complete 
the  river  survey. 

The  base  line  consisted  of  a traverse,  carefully  taped 
with  a standardized  steel  tape  by  two  independent  parties. 
The  results  were  corrected  for  temperature  and  the  two  re- 
sults had  to  check  within  the  limit  of  one  in  20,000  or  the 
line  was  retaped.  The  courses  were  read  by  stadia  as  a 
check  for  large  mistakes.  The  angles  were  read  six  times 
with  a 10  in.  transit-theodolite  and  the  corrected  azimuth 
was  obtained  by  observation  on  Polaris  and  51  Cephei  at 
intervals  of  about  10  miles.  Permanent  bench  marks  were 
set  at  intervals  of  about  every  mile. 

The  latitude  and  longitude  of  the  U.  S.  Coast  and  Geo- 
detic Survey  astronomical  station  at  Vincennes  was  used 
as  the  basis  of  all  horizontal  measurements  of  the  survey. 
A duplicate  line  of  precise  levels  was  run  the  entire  length 
of  the  survey  under  the  published  instructions  of  the  Missis- 
sippi River  Commission  with  Kern  levels  borrowed  from 
that  office.  Permanent  bench  marks  were  established  at 
intervals  of  about  five  miles.  Special  care  was  taken  in  the 
setting  of  these  marks  in  order  to  insure  permanence  and 
recovery.  All  elevations  of  the  survey  were  finally  referred 
to  the  1907  adjusted  value  of  the  U.  S.  Coast  and  Geodetic 
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Survey  bench  mark  Az  at  Vincennes,  Ind.,  which  is  re- 
ferred to  mean  sea  level  at  Sandy  Hook,  N.  J.  References 
were  made  with  the  permanent  marks  of  the  U.  S.  Geo- 
logical Survey  at  Terre  Haute,  Ind.;  Shawneetown,  111.; 
and  also  to  permanent  marks  of  the  Ohio  River  Survey 
near  the  mouth  of  the  Wabash  river. 

The  topography  was  taken  by  transit  and  stadia  in  ac- 
cordance with  the  published  instructions  of  the  Mississippi 
River  Commission — the  contour  interval  being  five  feet.  All 
topography  was  plotted  and  sketched  in  the  field  as  an  aid 
to  the  final  plotting.  On  the  river  survey,  all  features  in- 
cluded between  the  low  water  line  and  main  high  banks  or 
levees  in  close  proximity  of  the  river  were  taken.  Special 
care  was  taken  to  locate  caving  banks  and  the  extent  of  the 
bank  in  each  case  where  cutting  was  in  progress. 

Probings  consisted  of  driving  a 25  foot  rod  to  a depth 
of  20  feet  below  low  water  elevation  to  determine  the  char- 
acter of  the  material  of  the  river  bed.  Probings  were  taken 
at  designated  possible  lock  sites  and  on  bars  where  there 
was  less  than  four  feet  of  water  at  low  water  stage.  Three 
holes  were  driven  on  a range,  one  near  each  bank  and  one 
in  the  channel.  Probings  were  taken  on  ranges  about  450 
feet  apart,  that  is,  alternately  on  the  sounding  range  and 
midway  between  the  next  two  sounding  ranges.  The  exact 
location  of  the  holes  was  not  considered  essential.  The 
ordinary  level  party  established  elevations  on  water  sur- 
face pegs,  stadia  stakes,  base  line  bench  marks,  high  water 
marks,  and  bottom  chords  of  bridges. 

Discharge  measurements  were  taken  with  a Price  cur- 
rent meter  set  at  0.6  depth  where  mean  velocity  was  as- 
sumed. Low  water  measurements  were  taken  at  Terre 
Haute,  Ind.;  Vincennes,  Ind.;  Mt.  Carmel,  111.;  New  Har- 
mony Ind.,  and  below  the  mouth  of  Little  Wabash  river. 
Later,  complete  discharge  curves  were  desired  at  Vincennes, 
Ind. ; Mt.  Carmel,  111.,  and  below  the  mouth  of  Litte  Wabash 
river.  These  measurements  were  taken  as  the  required 
stages  became  availabe.  The  current  meter  was  rated  in  a 
pond  near  Vincennes  and  in  the  lock  chamber  at  Grand  Rap- 
ids lock  and  dam. 

Considerable  trouble  was  experienced  in  the  moving 
of  boats  during  the  low  water  season,  particularly  on  the 
river  survey.  The  channel  was  so  narrow,  shallow,  or 
tortuous  that  it  was  impossible  to  move  the  boats  without 
much  difficulty  and  loss  of  time.  Although  the  maximum 
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draft  was  only  15  inches,  the  boats  were  many  times  riding 
snags  or  grounded  on  bars.  Many  devices  were  resorted  to. 
The  capstain  on  the  large  boat  proved  useful,  while  Span- 
ish windlasses  were  often  necessary  on  the  other  boats.  The 
gasoline  launches  were  of  no  avail  as  their  power  was  suffi- 
cient to  steer  only  in  the  current,  and  make  landings.  In 
one  extraordinary  case,  six  yawls  were  sunk  and  filled  with 
sand  to  form  a dike.  By  this  expedient,  the  boats  were 
moved  after  having  been  hard  aground  for  20  hours.  The 
problem  of  getting  provisions  from  the  nearest  market 
when  the  boats  were  away  from  town  proved  troublesome. 
Only  one  week’s  supply  could  be  kept  in  store  during  ex- 
tremely warm  weather.  Boats  in  several  cases  were  30  miles 
from  a market.  Hauling  overland  was  out  of  the  question 
because  of  distance  and  expense.  The  gasoline  launches 
were  too  slow  to  make  the  trip,  and  very  few  boats  on  the 
river  could  be  induced  to  run  during  the  low  water  season. 
Provisions  were  obtained  by  chartering  privately  owned 
gasoline  boats,  but  not  without  much  difficulty  and  cost. 

The  river  survey  was  completed  by  the  first  of  January, 
1912,  and  the  entire  fleet  was  then  towed  back  up  the  river. 
Owing  to  the  freezing  of  the  river  while  enroute,  the  fleet 
was  forced  into  winter  quarters  at  New  Harmony,  Ind. 
The  winter  proved  very  severe  and  the  fleet  was  badly  dam- 
aged by  ice.  While  the  boats  were  in  winter  quarters,  four 
topographic  parties  were  organized  and  work  on  the  valley 
survey  was  begun  in  the  vicinity  of  New  Harmony.  The 
boats  were  used  as  a base  for  a brief  time  but  as  the  work 
became  too  far  distant  for  the  parties  to  return  at  night, 
they  were  subsisted  by  farm  houses,  or  hotels  in  small 
towns  in  the  vicinity  of  their  work. 

About  200  square  miles  of  the  valley  immediately  above 
and  below  New  Harmony  on  both  sides  of  the  river  were 
covered  during  two  months  of  very  rigorous  winter  weather, 
marked  by  heavy  snows,  and  temperature  much  below  zero. 
On  March  11,  1912,  the  fleet  was  again  started  up  the  river 
and  reached  Terre  Haute  on  March  21.  High  water  at  this 
period  forced  a discontinuance  of  field  work  for  about  three 
weeks.  After  this  time,  the  work  was  resumed  and  the 
valley  was  surveyed  on  the  second  trip  down  the  river. 
Wherever  practicable,  the  work  was  laid  out  in  one-half 
mile  lines  normal  to  the  general  direction  of  the  stream. 
Each  party  was  assigned  one  or  more  of  these  lines  accord- 
ing to  their  lengths. 
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The  large  acreage  of  corn  in  the  lower  Wabash  valley 
was  a source  of  much  trouble,  delay  and  expense,  and  it 
was  found  almost  impossible  to  cover  the  country  thor- 
oughly. The  valley  survey  was  completed  on  the  tenth  of 
September,  1912,  after  about  775  square  miles  had  been 
traversed.  The  work  was  accomplished  in  587  days,  thus 
averaging  1.32  square  miles  per  party  working  day.  The 
gross  cost,  including  all  over  head  charges,  was  about  25 
dollars  per  square  mile. 

Computations,  consisting  of  the  preliminary  and  the 
final  computation  of  the  base  line  and  precise  level  line, 
together  with  the  geographic  position  and  elevation  of  all 
bench  marks  and  topographic  stakes,  ratings,  and  results  of 
discharge  measurements  were  made  in  the  field.  Reduction 
of  notes  was  begun  and  partly  finished  in  the  field  and  later 
completed  in  the  district  office.  Final  plotting  of  maps  and 
profiles  was  done  in  the  district  office. 

After  the  completion  of  the  survey,  a flood,  surpassing 
all  preceding  floods  in  height  and  volume,  occurred  in  April, 
1913.  A party  was  dispatched  to  determine  its  height 
shortly  after  the  water  receded.  An  accurate  determina- 
tion of  its  height  was  obtained  about  every  five  miles  to  de- 
termine the  high  water  profile. 
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Field  Broadens. 

This  number  of  The  Purdue  Engineering  Review 
marks  the  first  representation  of  the  Chemical  Engineering 
Society  on  the  staff  of  the  publication.  All  four  engineer- 
ing societies  of  the  University  now  have  an  equal  interest 
in  this  work.  Though  the  School  of  Chemical  Engineering 
is  a comparatively  new  one,  its  growth  has  been  rapid,  so 
that  it  has  quite  a number  of  alumni  engaged  in  fields  of 
work  which  the  Engineering  Review  has  been  unable  to 
touch  upon  up  until  the  present  time. 

Course  in  Seminar. 

It  is  generally  recognized  that  the  majority  of  tech- 
nical school  graduates  are  unable  to  express  their  views 
and  opinions  before  an  audience  in  an  intelligible  manner. 
It  has  been  said  jokingly  that  the  graduate  of  the  liberal 
arts  school  can  express  himself  freely  and  fluently  but  he 
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has  nothing  to  say,  while  the  engineer  graduate  has 
plenty  to  say  but  he  is  unable  to  talk.  This  is  a queer 
state  of  affairs,  but  nevertheless  it  bears  a semblance  of  the 
truth.  To  meet  this  situation,  the  School  of  Mechanical 
Engineering  administers  the  subject  seminar  for  the  first 
semester  of  the  senior  year.  Every  student  in  this  school 
is  obliged  to  take  the  subject  which  is  conducted  in  such 
a manner  that  he  gains  an  extremely  practical  training  in 
speaking  before  a critical  audience.  For  the  most  part  the 
subjects  chosen,  usually  by  the  speaker  himself,  are  of 
technical  nature.  Criticisms  are  given  freely  and  it  takes 
but  a few  appearances  before  a noticeable  improvement  is 
made.  In  the  course  of  Gas  Engines,  the  second  semester’s 
work  devolves  into  a lecture  course  which  is  so  outlined 
that  every  student  taking  the  subject  shall  give  an  hour’s 
talk  on  some  phase  of  gas  engine  work,  which  shall  require 
considerable  amount  of  reading  for  preparation.  Too  much 
emphasis  can  not  be  laid  upon  such  courses,  for  the  engi- 
neer who  is  unable  to  express  himself  clearly  and  exactly 
will  find  himself  at  a great  disadvantage  in  the  business 
world.  Great  ideas  that  cannot  be  expressed  in  words  are 
of  no  value.  The  sooner  that  the  young  engineer  learns 
to  take  advantage  of  every  opportunity  to  explain  his  tech- 
nical knowledge  in  an  intelligible  manner,  the  quicker  will 
he  advance. 

International  Engineering  Congress. 

The  committee  in  charge  of  the  International  Engi- 
neering Congress  to  be  held  in  San  Francisco  during  the 
Exposition  announces  that  rapid  progress  is  being  made  in 
working  out  the  final  program  of  papers.  The  first  volume 
of  the  publication  of  the  Congress  will  consist  of  a series 
of  articles  descriptive  of  the  various  technical  features  of 
the  design  and  construction  of  the  Panama  canal.  Colonel 
Goethals  will  handle  one  of  the  22  topics  as  well  as  the 
introduction.  This  volume  will  constitute  practically  an 
official  technical  record  of  the  gigantic  feat  which  is  just 
nearing  completion  and  will  be  of  interest  not  only  to  en- 
gineers but  to  laymen. 

It  has  been  announced  that  Colonel  Goethals  will  pre- 
side as  chairman  of  this  Congress  of  engineers  who  will 
gather  from  all  over  the  world. 


Purdue  Engineering  Reviezv 


109 


NEW  BULLETIN  ON  USE  OF  ELECTRIC  FURNACE 
IN  MAKING  IRON  AND  STEEL 

The  investigations  that  the  Bureau  of  Mines  is  making 
into  the  metallurgical  industries,  the  appliance  of  electricity 
to  various  processes,  and  especially  in  the  manufacture  of 
iron  and  steel,  is  given  attention  in  Bulletin  67,  “Electric 
Furnaces  for  Making  Iron  and  Steel,’’  just  issued  by  the 
Bureau.  The  investigations  into  electric  furnaces  for  mak- 
ing iron  were  made  by  Dorsey  A.  Lyon,  and  electric  fur- 
naces for  making  steel  by  Robert  M.  Keeney.  The  bulletin 
gives  a historical  review  of  the  development  of  electric  fur- 
naces for  making  iron  and  steel,  and  discusses  the  problems 
which  remain  to  be  solved  in  the  use  of  electric  furnaces 
for  the  smelting  of  iron  ores  and  the  production  of  pig  iron 
at  a profit  on  a commercial  scale. 

“Broadly  speaking,”  Mr.  Lyon  declared,  “it  may  be 
stated  that  the  feasibility  of  smelting  iron  ores  in  an  elec- 
tric furnace  depends  upon  the  relative  cost  of  either  char- 
coal or  coke  and  of  electric  power.  In  those  electric-fur- 
nace iron  plants  that  are  operating  at  the  present  time  only 
hydro-electric  power  is  used.  In  general,  there  are  few 
localities  where  the  electric  smelting  of  iron  ores  would  be 
feasible  with  the  electrical  energy  costing  more  than  $0.20 
to  $0.30  per  kilowatt-hour.” 

Mr.  Keeney  states  that,  “The  cost  of  making  steel  in 
the  electric  furnace  varies  with  local  conditions.  The  cost 
of  power  does  not  enter  so  largely  into  the  final  cost  as  it 
does  in  some  other  electrometallurgical  processes,  especially 
the  refining  of  molten  steel.  Plants  are  operating  success- 
fully under  a power  cost  of  one  cent  per  kilowatt  hour  in 
localities  where  material  can  be  obtained  at  the  price  com- 
mon to  other  processes.  Plants  such  as  the  one  at  Ugine, 
France,  have  been  established  in  remote  localities,  where  the 
cost  of  power  is  very  low,  0.2  cent  per  kilowatt-hour,  but 
the  cost  of  material  is  high. 

“For  many  years  all  high  grade  steels  were  manufac- 
tured by  the  crucible  process,  but  since  the  advent  of  the 
electric  furnace  there  has  been  a gradual  adoption  of  that 
furnace  for  refining  steel.  For  the  complete  refining  of  the 
highest  grades  of  steel  the  use  of  the  electric  furnace  is  now 
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thoroughly  established  in  Europe.  Any  product  that  can 
be  made  by  the  crucible  process  can  be  made  by  the  electric 
furnace,  and  in  most  cases  with  cheaper  raw  materials  and 
at  a lower  cost.  In  the  electric  furnace  complex  alloy 
steels  can  be  made  with  precision.  The  high  temperatures 
attainable  facilitate  the  reactions  and  alloys  need  not  be  used 
so  largely  for  the  purpose  of  removing  gas.  Very  low  car- 
bon steels  can  be  kept  fluid  at  the  high  temperatures.  Steels 
free  from  impurities  and  of  great  value  for  electrical  appa- 
ratus can  be  made.  With  the  electric  furnace  large  cast- 
ings can  be  made  from  one  furnace,  whereas  in  the  crucible 
process  steel  from  several  crucibles  must  be  used.  For 
Small  castings,  which  require  a very  high  grade  metal  free 
from  slags  and  oxides,  electrically  refined  steel  is  especially 
adapted.  The  electric  furnace  gives  a metal  of  low  or  high 
carbon  content  as  desired,  hot  enough  to  pour  into  thin 
molds  and  still  free  from  slags  and  gases. 

“There  is  now  a tendency  among  consumers  of  rail  and 
structural  steel  to  require  a higher  grade  steel  at  an  in- 
creased price  rather  than  steel  of  acid  Bessemer  or  even  of 
basic  open  hearth  grade  at  a lower  price.  With  the  high 
cost  of  power  that  now  prevails  throughout  the  steel  cen- 
ters of  the  United  States  the  electric  furnace  can  not  com- 
pete profitably  with  either  the  acid  Bessemer  or  the  basic 
open  hearth  process  in  manufacturing  steel  of  like  grade 
from  pig  iron.  It  is  in  combination  with  either  of  these 
processes  that  the  electric  furnace  seems  destined  to  be 
prominent  in  steel  manufacture.  The  cost  of  superrefining 
in  the  electric  furnace  the  molten  steel  from  either  of  these 
processes,  exclusive  of  the  cost  of  the  molten  steel,  varies 
from  $1.50  to  $2.25  per  ton,  depending  on  the  cost  of  power 
and  the  impurities  to  be  removed.” 
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SCHOOL  OF  MECHANICAL  ENGINEERING. 

CHANGES  IN  INSTRUCTIONAL  STAFF 

During  the  last  year  a number  of  changes  were  made 
in  the  personnel  of  the  instructional  corps  in  the  Mechan- 
ical Engineering  department,  j.  S.  Staudt,  Assistant  Pro- 
fessor in  machine  design,  resigned  to  take  up  work  with 
a consulting  engineer.  Mr.  T.  T.  Eyre  has  been  away  on 
a leave  of  absence  and  at  the  present  time  is  head  of  the 
Mechanic,  Hydraulic,  and  Testing  Material  Laboratory  of 
the  Case  School  of  Applied  Science.  Mr.  R.  W.  Noland 
has  been  transferred  from  the  Engine  Laboratory  to  Ma- 
chine Design.  Mr.  J.  L.  Snyder,  M.  M.  E.,  Cornell  Uni- 
versity, has  been  appointed  an  assistant  in  the  Engineering 
Laboratory.  Mr.  A.  R.  Nottingham  is  filling  Mr.  Eyre’s 
place  for  one  year  as  instructor  in  Mechanical  Engineering. 
Professor  A.  W.  Cole  has  become  responsible  for  the  ad- 
ministration of  Thermodynamics.  Professor  H.  S.  Dicker- 
son  has  taken  charge  of  Steam  and  Gas  Power  as  admin- 
istered to  the  civil  engineers. 

GIFTS  TO  THE  SCHOOL 

A four  cylinder  automobile  motor,  donated  by  the  Nor- 
dyke,  Marmon  Company,  manufacturers  of  the  Marmon 
automobile,  has  been  set  up  in  the  gas  engine  laboratory, 
and  is  being  used  in  thesis  work.  The  American  Foundries 
Company  has  given  a complete  freight  car  truck  to  be  used 
in  experimental  work.  Numerous  other  valuable  material 
has  been  donated  by  a large  number  of  firms,  such  as  car- 
buretors, samples  of  steam  turbine  blading,  bars  of  spring 
steel,  jacks,  separator  models,  oil  samples,  catalogue  and 
filing  case,  and  a variety  of  data  in  the  form  of  drawings, 
blueprints,  and  tabulated  results. 

NEW  EQUIPMENT 

The  school  has  acquired  a small  amount  of  new  ap- 
paratus within  the  past  year.  An  electric  pyrometer  com- 
plete with  thermo  couples  for  high  temperatures  has  been 
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bought.  At  the  present  time,  a belt  testing  apparatus  is 
being  constructed  in  the  Purdue  shops,  which  will  contain 
some  novel  features.  A flue  gas  analysis  outfit  has  been 
obtained  and  has  found  much  use  in  the  boiler  test  in  the 
power  house.  Water  weights  for  automatically  weighing 
and  recording  weights  of  water  has  been  added  to  the 
equipment. 

RESEARCH  WORK 

Quite  a number  of  problems  connected  with  the  automo- 
bile is  being  investigated  at  the  present  time.  An  attempt  is 
being  made  to  determine  the  road  and  wind  resistances. 
Tests  are  being  run  on  kerosene  carburetors.  A study  of  the 
effect  of  mufflers  on  the  power  and  efficiency  of  automobile 
motors  has  been  in  progress  for  the  last  two  years.  A 
series  of  comparative  carburetor  tests  is  being  conducted 
this  spring.  Work  leading  to  the  determination  of  the 
power  and  fuel  consumption  of  electric  lighting  and  start- 
ing systems  has  been  started.  The  study  of  lubricating 
oils  is  being  continued.  A number  of  interesting  problems 
are  still  under  investigation,  such  as  the  fixing  of  the  tar 
forming  temperatures  of  American  coals ; the  adapting  of 
a suction  gas  producer  to  bituminous  coals ; and  the  deter- 
mination of  the  coking  qualities  of  American  coals. 


SCHOOL  OF  ELECTRICAL  ENGINEERING 

NEW  HIGH  POTENTIAL  LABORATORY 

A new  laboratory  for  high  potential  research  has  been 
installed  during  the  past  year  in  the  room  previously  used 
for  laboratory  calculations.  This  laboratory  is  now 
equipped  with  the  300,000  volt  transformer  constructed 
by  students  as  thesis  work  in  1909  which  is  connected  with 
high  tension  tubular  bus  bars  running  the  entire  length  of 
the  room  on  suspension  insulators.  These  bus  bars  may  be 
connected  through  wall  bushings  to  the  experimental  high 
tension  transmission  line  or  to  other  high  tension  apparatus 
to  be  tested  in  the  laboratory.  Seniors  this  year  are  con- 
structing standard  sphere  and  needle  spark  gaps  for  the 
measurement  of  high  potentials  and  a large  parallel  plate 
condenser  consisting  of  ten  plates  of  galvanized  iron  each 
4 feet  by  5 feet  has  also  been  constructed  for  the  purpose 
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of  investigating  the  electrostatic  field  at  very  high  voltages. 
Research  work  in  connection  with  corona  loss  on  the  ex- 
perimental high  tension  line  is  being  continued  this  year  and 
another  study  of  the  comparison  of  the  actual  and  theoret- 
ical interference  between  high  tension  line  and  telephone 
line  is  also  being  undertaken. 

CALIBRATION  LABORATORY 

The  room  previously  occupied  by  the  high  potential 
laboratory  has  been  very  completely  equipped  for  calibra- 
tion work.  This  has  been  particularly  necessary  because 
of  the  standardization  work  which  is  to  be  done  in  the  near 
future  for  the  Public  Utility  Commission. 

NEW  COURSE  IN  PUBLIC  CORPORATION 
MANAGEMENT  AND  REGULATION 

Owing  to  the  demand  for  technical  graduates  for  com- 
mercial and  executive  positions  a new  elective  course  cov- 
ering the  organization,  management  and  regulation  of  pub- 
lic utilities  will  be  established  during  the  coming  year.  This 
course  will  give  the  students  some  idea  of  the  financial  and 
accounting  problems  involved  in  the  management  of  public 
utility  corporations  and  their  appraisal  and  regulation  as 
carried  on  by  the  various  state  public  service  commissions. 

PERSONNEL 

Professor  Alfred  Still,  the  prominent  English  engineer 
who  held  a tentative  position  on  the  staff  during  the  second 
semester  of  last  year,  has  now  joined  the  permanent  staff 
of  the  School  of  Electrical  Engineering  as  assistant  pro- 
fessor. Prof.  D.  D.  Ewing,  formerly  head  professor  of  the 
electrical  and  mechanical  departments  at  Ohio  Northern 
University,  who  was  engaged  in  graduate  work  here  last 
year  has  also  been  made  assistant  professor  on  the  perma- 
nent staff.  Mr.  R.  V.  Achatz,  of  the  1908  class  who  has 
since  graduation  been  engaged  with  the  A.  T.  & T.  Co:,  in 
operating  and  appraisal  work  as  well  as  with  the  B.  J. 
Arnold  Co.,  of  Chicago,  is  now  instructor  in  telephone  engi- 
neering and  assistant  in  the  general  laboratory  work.  Mr. 
T.  B.  Sheadel,  of  the  1911  class,  is  acting  as  assistant  in  the 
laboratory  during  the  present  year. 
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SCHOOL  OF  CIVIL  ENGINEERING 

ENGINEERING  CAMP 

A new  course  in  civil  engineering  is  to  be  put  in  opera- 
tion with  the  present  sophomores,  who  will  attend  an  engi- 
neering camp  from  June  6th  until  July  4th.  The  state 
forest  reserve,  in  Clarke  County,  Indiana,  about  twenty 
miles  north  of  Louisville,  has  been  chosen  for  the  camp  on 
account  of  its  great  variety  of  topographical  conditions. 
The  tract  comprises  4,000  acres  and  is  nearly  five  miles  in 
length.  Through  it  runs  a chain  of  hills,  with  knobs  ele- 
vated about  500  feet  above  the  valleys.  The  sleeping  head- 
quarters are  situated  on  one  of  these  knobs  that  commands 
a wide  and  beautiful  view  over  the  valley  of  the  Ohio  river. 
The  students  will  lead  a camp  life  in  all  respects.  The  work 
will  comprise  geodetic  and  astronomical  surveys,  topo- 
graphical, railway  and  highway  surveying. 

SERVICE  TO  STATE 

The  school  exercises  an  increasing  activity  in  the  state 
and  in  municipalities.  It  is  coming  to  occupy  the  same 
position  in  the  state  with  respect  to  the  problems  of  water 
supply,  sewage  disposal,  road  and  bridge  construction,  and 
drainage,  that  the  school  of  agriculture  does  to  the  problems 
of  agriculture.  The  second  engineering  conference  of 
county  officials  was  held  at  the  school  this  year,  and  resulted 
in  the  passage  of  a resolution  calling  upon  the  state  to  estab- 
lish a good  roads  school  at  Purdue  University  for  the 
newly  created  road  officials,  to  last  ten  days  each  year. 

CHANGES  IN  COURSE 

A special  course  in  highway  engineering  has  been 
established  in  the  senior  year,  and  it  is  expected  that  an 
assistant  professorship  of  highway  engineering  will  be 
established.  In  this  way  the  school  will  be  able  to  comply 
with  the  increasing  number  of  requests  for  cooperation 
and  extension  teaching  for  highway  engineering.  The  es- 
tablishment of  the  engineering  camp  has  made  possible  the 
increasing  work  in  hydraulic  engineering.  Fundamental 
hydraulics  and  hydraulic  laboratory  will  be  taken  by  the 
junior  civil  engineers,  and  a larger  course  in  hydraulic 
motors  will  occupy  the  first  semester  of  the  senior  year. 
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A course  of  general  lectures  upon  the  history  of  distin- 
guished engineers  and  descriptions  of  notable  engineering 
constructions  will  be  given  to  the  juniors  in  the  first  semes- 
ter. 

SPECIAL  RESEARCH 

In  the  hydraulic  laboratory  the  research  work  on  the 
frictional  resistance  of  sand-carrying  water  has  been  com- 
pleted, and  is  being  prepared  for  publication.  At  the  re- 
quest of  the  President  of  the  American  Waterworks  Asso- 
ciation tests  are  being  made  of  the  strength  and  failure  of 
lead  pipe  and  the  brass  fittings  usually  employed  in  house 
connections  to  water  mains.  The  pipe  varies  from  ^4  of 
an  inch  to  2 inches  in  diameter  and  the  various  weights  of 
pipe  are  all  included.  In  the  laboratory  for  testing  ma- 
terials the  investigation  of  reinforcing  bars  rerolled  from 
steel  rails  was  carried  on  for  the  American  Society  for 
Testing  Materials,  and  reported  to  the  association.  Pro- 
fessor Sackett  of  the  hydraulic  department  has  been  active 
in  the  flood  protection  work  of  the  state.  Professors  Hatt 
and  Smith  have  served  on  the  board  of  engineers  for  the 
construction  of  the  new  Main  Street  bridge.  Professor 
Sackett  has  been  appointed  a member  of  the  Board  of 
Public  Works  of  the  City  of  Lafayette.  Professors  Gar- 
man  and  Case  have  left  the  University  to  take  on  new 
responsibilities.  Professor  Garman  becomes  chief  engineer 
of  the  Public  Utilities  Commission,  and  Professor  Case  be- 
comes Professor  of  Sanitary  Engineering  at  Pittsburgh 
University. 


SCHOOL  OF  CHEMICAL  ENGINEERING 

DESCRIPTION  OF  COURSE 

The  Purdue  catalogue  of  1906-07  contained  the  first 
announcement  of  a course  in  chemical  engineering,  and  the 
first  graduate  from  this  course  received  his  diploma  in  1910. 
The  School  of  Chemical  Engineering  was  established  in  1911 
and  now  has  an  enrollment  of  139,  a graduating  class  of  13, 
and  35  alumni.  The  school  was  established  to  meet  a de- 
mand which  has  resulted  from  the  increasing  application  of 
chemical  principles  to  engineering  problems  and  manufac- 
turing processes.  The  rapid  development  of  the  strictly 
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chemical  industries,  as  well  as  recognition  by  engineers  of 
the  importance  of  the  chemical  aspects  of  their  particular 
problems,  has  emphasized  the  demand  for  men  so  trained  as 
to  combine  the  functions  of  both  chemist  and  engineer.  To 
meet  these  requirements,  a course  of  study  is  necessary, 
which  includes,  with  mathematics,  physics,  and  their  appli- 
cations in  engineering,  a thorough  knowledge  of  chemistry. 
The  course  as  laid  down  at  this  institution,  is  a general 
course  in  engineering  and  chemistry,  with  no  attempt  to 
specialize  in  any  direction.  The  chemical  engineer,  there- 
fore, occupies  a middle  ground  between  the  engineer  and 
the  chemist,  with  the  advantage  over  the  former  of  chem- 
ical training  and  over  the  latter  of  a knowledge  of  engi- 
neering. His  training  is  a preparation  for  such  positions 
as  chemist,  engineer,  or  manager  in  those  industries  which 
involve  the  application  of  chemical  and  engineering  prin- 
ciples, or  for  positions  along  engineering  lines  where  a 
knowledge  of  chemistry  is  necessary.  In  the  development 
of  the  plan  of  study  of  this  school  probably  the  most  note- 
worthy point  brought  out  is  the  advantage  arising  from  the 
general  nature  of  the  course,  resulting  in  a broadening  of 
the  young  engineer’s  sphere  of  activities  and  increasing  his 
opportunities. 
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FLOOD  PROTECTION  IN  INDIANA* 

By  W.  K.  Hatt, 

Professor  of  Civil  Engineering 

The  appointment  of  the  Indiana  Flood  Commission 
was  the  direct  result  of  the  flood  of  March,  1913,  in  which 
467  lives  were  lost  and  over  $160,000,000.00  of  property  de- 
stroyed in  the  United  States.  The  memory  of  this  catas- 
trophe is  still  fresh  in  the  minds  of  the  people  of  Indiana,  in 
which  State  39  lives  were  lost,  and  over  $25,000,000.00  of 
property  destroyed. 

The  total  loss  in  the  flood  of  March,  1913,  can  never  be 
known.  The  interruption  of  transportation  and  of  business, 
the  destruction  to  farm  lands  by  cutting  of  banks  of  rivers 
and  covering  of  bottom  lands  with  gravel,  the  loss  of  pro- 
ductive capacity  of  manufacturing  plants,  and  the  sickness 
following  exposure,  are  not  susceptible  of  exact  computation. 

Professor  Beede  of  Indiana  University  reports  a total 
damage  of  approximately  one-half  million  dollars,  in  seven 
counties  in  the  lower  White  River  basin,  in  which  also  nearly 
eight  thousand  acres  of  agricultural  land  were  denuded  of 
soil  and  some  sixteen  thousand  acres  of  river  bottoms  were 
covered  with  sand  and  silt.  He  estimates  the  loss  to  agri- 
cultural land  in  this  region  as  nearly  $250,000.00. 

Part  of  the  damage  to  country  roads  and  bridges  re- 
ported by  the  county  auditors  was  over  $3,000,000.00.  Other 
tangible  losses  that  have  been  determined  are  shown  in 
Table  1.  It  is  probable  that  other  losses  during  the  flood  of 
March,  1913,  in  Indiana  will  bring  the  total  losses  to  more 
than  $25,000,000.00. 

Indeed  the  catastrophe  was  so  general  over  the  Ohio 
Valley  that  it  excited  the  sympathy  and  support  of  the  entire 
nation.  The  Governor  of  the  State  of  Indiana  received 
$141,088.96  in  subscriptions  for  the  relief  of  flood  sufferers 
in  this  State. 

*Condensed  from  Bulletin  No.  4,  Bureau  of  Legislative  Information;  written 
by  Professor  Hatt. 
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Table:  No.  i. 

Part  o e Damages  Sustained  in  Indiana  in  the  Flood  oe 
March,  1913 


1.  County  Highways  and  Bridges $2,825,240.00 

2.  Railroads — Steam  .- 5,299,810.00 

3.  Electric  Railways  ....„ 788,000.00 

4.  Buildings  and  Personal  Property 8,104,250.00 

5.  Telephone  and  Telegraph  . 200,000.00 

6.  Crops  735,700.00 

7.  Live  Stock  149,380.00 

8.  Farm  Lands  (part  of  White  river  only) 247,500.00 

9.  Suspension  of  Business  582,000.00 


Total  .....$18,949,390.00 


Counties  not  included  in  (1) 
Cass,  Miami, 

Floyd,  Fayette, 

Clinton,  Sullivan. 


Railroads  not  included  in  (2). 
Central  Indiana  R.  R. 

Chicago  and  Wabash  R.  R. 

Cin.  Ham.  and  Dayton  R.  R. 
Toledo,  Peoria  and  West’n  R.  R. 
Toledo,  St.  L.  and  West’n  R.  R. 


Electric  lines  not  included  in  ( 
Marion  and  Bluffton  Trac.  Co. 
Bluffton,  Geneva  and  Celina 
Trac.  Co. 

Central  Indiana  Lighting  Co. 
Indianapolis  Street  Ry.  Co. 


Louisville  and  Southern  Trac. 
Co. 

Louisville  and  Northern  Ry.  and 
Light  Co. 

Vincennes  Trac.  Co. 

Washington  Street  Ry.  Co. 


(5)  Includes  Indianapolis  Telephone  Co.  and  Central  Union  Tele- 
phone Co. 


Counties  in  Flood  Districts  not  included  in  (4),  (6),  (7)  and  (9). 


Adams, 

Franklin, 

Blackford, 

Gibson, 

Cass, 

Grant, 

Clark, 

Greene, 

Clay, 

Harrison, 

Clinton, 

Howard, 

Fayette, 

Huntington, 

Floyd, 

Jay, 

Fountain, 

Jefferson, 

Ohio, 

Tippecanoe, 

Parke, 

Vanderburg 

Perry, 

Vermillion, 

Putnam, 

Vigo, 

Randolph, 

Wabash, 

Ripley, 

Warrick, 

Scott, 

Wells, 

Sullivan, 

White, 

Switzerland, 

Whitley. 

(8)  Includes  loss  only  in  230  miles  of  East  and  West  Forks  of 
the  White  River  through  Morgan,  Owen,  Greene,  Daviess, 
Knox,  Jackson,  Lawrence  and  Martin  Counties. 
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Former  Feoods  in  Indiana 

Floods  have  occured  in  Indiana  as  far  back  as  records 
are  obtainable.  In  the  early  days,  before  levees  had  been 
raised  above  high  water,  and  before  cities  had  been  built  in 
the  bottoms,  the  losses  were  small,  and  people  did  not  have  to 
pass  over  the  river  until  the  flood  waters  subsided. 

In  recent  years  the  effects  of  similar  floods  have  become 
more  serious,  and  the  problem  has  become  acute.  It  has 
been  made  so  by  the  inevitable  encroachments  on  the  flood 
plains  and  bottoms  which  were  formerly  given  up  to  the 
rivers  during  floods,  while  at  the  same  time,  channels  have 
not  been  improved  in  proportion  to  the  encroachment. 

Serious  floods  may  occur  at  any  time  throughout  the 
year,  but  they  usually  happen  between  December  and  April. 
January,  February,  and  March  are  the  months  when  the 
combination  of  rainfall  and  surface  conditions  produce  the 
worst  effects. 

The  following  floods  have  been  state  wide  in  Indiana : 

January,  1847 — Rainfall. 

June,  1857— 

September,  1 866 — Series  of  heavy  thunderstorms. 

August,  1875 — Heavy  rains  following  wet  summer. 

February,  1883 — High  monthly  precipitation  with  thaw. 

March,  1897 — Series  of  excessive  rains. 

March,  1904 — Series  of  storms. 

February,  1908 — Moderate  rain  with  thaw. 

October,  1910 — Single  protracted  storm. 

January,  1913 — Single  protracted  storm. 

March,  1913— Two  protracted  storms,  practically  one. 

Characteristics  oe  Feoods 

A heavy  storm,  shedding  long  continued  rain,  sweeps 
up  the  Ohio  Valley,  and  finds  the  ground  frozen  or  covered 
with  snow,  the  subsoil  saturated  and  the  channels  already 
charged  with  water,  so  that  the  greater  part  of  this  rainfall 
runs  off  through  the  streams. 

The  tributaries  may  all  be  discharging  and  attempting 
to  find  outlet  at  the  same  time,  through  the  main  channel, 
in  which  people  have  been  dumping  refuse,  constructing 
levees  and  buildings  that  add  to  the  height  of  flood  waters. 

The  meteorological  conditions  attending  serious  floods 
are  made  clear  in  Diagrams  1 to  4.  A storm  starts  in  the 
southwest  and  follows  up  a trough  of  low  pressure  between 
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Diagram  No.  1. 
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two  high  pressure  areas  on  either  side  of  the  Ohio  Valley. 
Sometimes  a second  storm  follows  up  the  first  immediately, 
> and  it  is  a further  burden  upon  the  overtaxed  channels. 
(See  Diagram  i.) 

Records  are  available  of  three  notable  past  storms, 
(shown  in  Diagrams  2 to  4)  that  of  October,  1910;  that  of 
January,  1913;  and  that  of  March,  1913;  characterized  by  a 


heavy  intensity  of  rainfall  over  large  areas,  the  two  latter 
coming  at  the  time  of  year  when  very  little  of  the  rainfall 
was  absorbed  in  the  ground. 

As  we  shall  see  later,  storms  such  as  these  are  a measure 
of  the  amount  of  river  discharge  that  flood  protection  works 
must  carry. 

Diagram  1 shows  the  paths  taken  by  these  three  exces- 
sive storms.  The  northern  portions  of  Indiana  lie  outside 
the  track  of  these  storms.  For  example,  the  Eel  River  and 
the  Tippecanoe  River  are  not  likely  to  receive  as  heavy  rain- 
fall as  the  East  and  West  Forks  of  the  White  River,  be- 
cause the  latter  lie  in  the  path  of  these  severe  storms. 
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Diagrams  5 and  6 are  drawn  to  show  the  inches  of  rain- 
fall that  fell  at  various  localities  affected  by  the  storm.  It 
is  plain  that  large  areas  receive  a less  average  rainfall  than 
smalhareas.  For  instance,  in  Diagram  5,  we  find  that  in 
January,  1913,  an  area  of  500  square  miles  had  a rainfall 
in  excess  of  eleven  inches ; an  area  of  2,500  square  miles  had 
a rainfall  in  excess  of  ten  inches;  and  an  area  of  14,500 
square  miles  had  a rainfall  in  excess  of  eight  inches.  From 


a study  of  the  three  storms,  Diagram  7 has  been  prepared 
to  show  the  relation  between  an  area  of  given  size  in  a 
watershed,  that  lies  in  the  path  of  these  storms,  and  the 
amount  of  rain  that  may  reasonably  be  expected  on  this 
area. 

Possible  Future  Storms 

The  storm  of  March,  1913,  was  not  as  heavy  as  either 
that  of  January,  1913,  or  that  of  October,  1910.  Of  course 
a combination  of  the  storm  of  January  and  a snow-covered 
surface  is  possible,  and  would  have  caused  a flood  greatly 
in  excess  of  that  of  March.  It  is  fortunate  that  these  storms 
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sweep  up  the  Ohio  Valley  instead  of  down,  because  the  lat- 
ter storm  would  tax  the  channel  more  severely  than  the 
former. 

Of  course,  small  areas  in  any  part  of  the  State  may  re- 
ceive a heavy  local  rainfall,  at  any  time  of  the  year,  and 
bridge  openings  must  provide  for  this  rainfall.  For  instance, 
in  the  Muskingum  Valley  an  unprecedented  rain-storm  oc- 
curred in  July,  1913,  following  the  flood  of  March,  1913, 


causing  flood  heights  higher  than  those  of  the  previous 
storms.  At  one  station  a rainfall  of  7.1 7 inches  was  recorded 
for  a period  less  than  nine  hours. 

But  we  are  now  speaking  of  storms  that  cause  wide- 
spread floods  over  an  entire  watershed,  and  trying  to  esti- 
mate what  rainfall  we  should  provide  for  in  improved  chan- 
nels and  under  bridges  in  plans  for  flood  protection  works. 

A simple  method  is  to  specify  that  these  works  shall 
carry  the  rainfall  of  March,  1913,  which  caused  the  greatest 
flood  on  record,  and  then  add  to  this  an  arbitrary  increase 
of  one-third  in  the  White  River  and  a less  amount  in  the 
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more  northerly  watersheds  further  removed  from  the  path 
of  extraordinary  storms. 

Diagram  6 shows  (Lines  a)  the  actual  rainfall  that  oc- 
curred in  the  Wabash  Valley  and  the  two  forks  of  the  White 
River  in  March,  1913,  and  also  (Lines  b)  the  rainfall  that 
would  have  fallen  if  the  March  storm  had  been  increased 
by  a factor  of  one-third  on  the  White  River,  and  a factor 
of  one-fourth  on  the  Wabash  River.  This  increased  rain- 
fall on  the  East  Fork  of  the  White  River  and  the  lower 
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AREA  IN  THOUSANDS  OF  SQ.MI. 

Diagram  No.  5 

Wabash  River  is  nearly  the  same  as  that  which  would  have 
occurred  if  the  storm  of  January,  1913,  had  followed  a path 
75  miles  farther  north. 

Of  course  if  such  a storm  as  that  of  October,  1910,  were 
arbitrarily  shifted  to  a path  over  the  headwaters  of  the 
Wabash,  extraordinary  conditions  would  be  found.  As  a 
matter  of  fact,  however,  the  centers  of  these  storms  causing 
severe  floods  in  Indiana  do  not  pass  this  far  north.  It 
would  be  unreasonable  to  predict  a rainfall  intensity  in 
northern  Indiana  and  impose  a factor  of  safety  against 
future  contingencies,  as  high  as  equal  areas  receive  in  the 
White  River  Valley. 
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Conclusion  as  to  Rainfall 

In  general,  then,  we  may  reasonably  require  that  the 
constructions  for  flood  protection  works  on  the  Wabash  and 
the  White  Rivers  should  provide  for  the  rainfall  shown  by 
the  lines  in  Diagram  7. 

Periodicity  of  Rainfall 


A curious  relation  between  the  amounts  of  rainfall 
through  cycles  of  years  is  evident  from  Diagram  8 which 


Diagram  No.  6 


shows  the  distribution  of  yearly  rainfall  since  1830.  The 
cycle  of  34  years  from  a period  of  excessive  rainfall  to  defi- 
cient rainfall  is  evident  in  the  region  around  Cincinnati. 
On  the  basis  of  this  Diagram,  some  are  inclined  to  predict 
heavy  floods  in  the  near  future.  They  say  that  we  have  been 
passing  through  a series  of  years  of  deficient  rainfall  in  con- 
junction with  increased  farm  drainage  and  growing  en- 
croachments upon  stream  channels,  and  that  excessive  floods 
are  indicated  for  the  near  future. 

Inasmuch  as  the  great  floods  occur  in  the  months  of 
January  to  March,  inclusive,  similar  periodicity  Diagrams 
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have  been  drawn  for  these  months,  (See  Diagram  9)  and 
the  close  connection  between  the  excessive  rainfall  and 
severe  floods  is  evident. 

These  Diagrams  (8  and  9)  show  progressive  averages, 
that  is  to  say,  to  obtain  the  rainfall  for  any  year,  the  rain- 
fall of  the  previous  year  and  succeeding  year  are  averaged 
along  with  the  rainfall  of  the  year  in  question.  The  latter 
is  given  double  the  weight  of  the  others  in  this  average. 
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Diagram  No.  ^ 

Raineaee  and  Stream  Discharge 

How  much  of  this  rainfall  will  discharge  in  the  rivers? 
Only  a part  of  the  rain  that  falls  on  the  upper  reaches  of 
a watershed  ordinarily  runs  by  a city  below.  Great  floods 
occur  when  the  greater  part  of  the  rainfall  runs  off  in  the 
streams  during  the  extraordinary  storms. 

Part  of  the  rainfall  is  held  back  for  a time  in  porous 
subsoil,  in  swamps,  and  in  the  ground  surface,  especially  in 
forest  cover,  and  is  let  out  gradually. 

Part  of  the  water  also  disappears  through  evaporation 
and  is  used  by  vegetation. 

For  instance,  in  the  former  days  before  land  was 
drained  for  agriculture,  the  heavy  rains  of  the  winter  and 
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spring  were  held  back  in  the  swamps  and  other  natural  de- 
taining agencies,  until  near  mid-summer. 

There  was  higher  water  in  the  streams  throughout  the 
summer  than  at  present,  and  the  ordinary  workings  of  the 
river  were  more  even. 

There  is  no  doubt  but  that,  because  of  the  cutting  down 
of  the  forests  and  the  draining  of  the  swamps,  and  the  con- 
struction of  large  drainage  systems  for  farm  lands,  the  rain 
now  runs  more  rapidly  to  the  watercourses,  and  the  height 
between  ordinary  high  and  low  water  is  greater.  These  new 
conditions  must  cause  more  frequent  floodings  of  our  river 
bottoms. 

But  these  tremendous  floods  like  March,  1913,  are  due 
to  severe  storms  that  send  rain  down  upon  the  surface  when 
the  soil  is  already  as  full  as  a wet  sponge,  or  frozen,  or  when 
there  is  snow  on  the  ground.  Even  if  the  swamps  and  for- 
ests were  in  existence,  they  would  have  had  no  further  capa- 
city left  to  take  this  heavy  rainfall.  It  would  have  run 
quickly  into  the  streams  as  it  does  now. 

Then,  too,  in  early  times,  the  bottoms  of  the  rivers  were 
grown  up  in  thick  forests  which  offered  great  resistance  to 
the  free  flow  of  flood  waters  over  the  bottoms  outside  of  the 
river  channel. 

Those  who  have  given  close  study  to  the  matter  are  not 
, able  to  find  evidence  that  the  flood  heights  during  these  ex- 
treme floods  are  higher  than  flood  heights  in  early  days, 
except  in  the  cities  and  other  localities  where  the  embank- 
ments, levees,  buildings  and  bridges  have  made  local  obstruc- 
tions that  dam  up  the  waters,  and  create  a head  of  back 
water. 

One  serious  problem  in  Indiana  at  present  is  the  control 
of  future  obstructions  to  the  free  flow  of  flood  water  in  our 
streams,  and  to  remove  present  obstructions  that  will  inter- 
fere with  the  building  of  flood  protection  works  by  our  cities. 

Determination  oe  River  Discharge 

• The  part  of  the  rainfall  that  runs  off  into  the  streams, 
that  is,  the  “runoff,’  is  expressed  as  river  discharge.  The 
shape  of  the  watershed  whether  long  and  narrow,  or  short 
and  wide,  and  the  character  of  the  surface,  whether  rocky 
or  with  deep  gravel  sub-soil,  and  the  convergence  of  the  side 
tributaries  and  the  steepness  of  the  watershed,  each  has  its 
own  particular  effect  on  the  rate  at  which  the  runoff  reaches 
the  river  channel. 
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Diagram  No.  8 
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Diagram  No.  9 
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A long  narrow  watershed  will  not  deliver  rainfall  as 
quickly  to  a point  in  the  channel  below  as  will  a short  and 
compact  watershed. 

The  difficult  problem  is  to  compute  the  river  discharge  at 
any  city  arising  from  the  rainfall  on  the  watershed  above. 

Certain  formulas  have  been  proposed  by  which  the  river 
discharge  may  be  computed.  For  instance,  Mr.  W.  E.  Ful- 
ler’s formula,  (Proc.  Am.  Soc.  Civil  Eng.,  Vol.  39,  p.  1012)  is 

Q =sf  CA0-8 

where  Q is  the  average  yearly  flood,  in  cubic  feet  per  second ; 
C is  the  coefficient  which  is  constant  for  the  river  at  the 
point  of  observation;  A is  the  catchment  area  of  river  in 
square  miles. 

Mr.  Fuller  remarks  that  the  largest  flood  occurring  in 
one  hundred  years  will  be  2.6  times  the  average  yearly  flood. 
This  subject  is  now  under  lively  discussion  by  engineers  and 
other  formulas  are  proposed,  but  all  of  these  must  depend 
upon  the  measurements  of  river  discharge,  which  are  lack- 
ing for  conditions  in  Indiana. 

The  only  certain  method  is  to  actually  measure,  by  well 
known  methods  and  tried  instruments,  the  discharge  of  our 
rivers  through  a long  term  of  years.  Many  States  have 
done  this  in  co-operation  with  the  United  States  Geological 
Survey.  Then  the  engineer  will  know  the  number  of  cubic 
feet  per  second  of  river-discharge  for  which  flood  protec- 
tion works  must  be  designed. 

But  we  have  made  so  little  progress  in  scientific  study 
of  our  streams  that  we  are  seriously  handicapped  in  studies 
for  flood  protection. 

Certainly  one  important  effort  that  the  State  of  Indiana 
must  exert  in  the  future  is  to  provide  for  these  streams 
gagings  through  a co-operative  agreement  with  the  United 
States  Geological  Survey,  which  has  trained  men  and  the 
instrumental  equipment  to  perform  this  work  efficiently. 

These  stream  gagings  would,  however,  require  a long 
term  of  years  for  their  completion. 

Meanwhile  many  of  our  cities  are  in  increasing  danger 
from  floods.  In  some  cities  the  situation  is  acute  and  the 
people  can  not  wait  for  a complete  determination  of  scien- 
tific data  before  planning  flood  protection  works. 

For  immediate  purposes  and  in  the  absence  of  full  infor- 
mation, the  following  method  of  solving  the  problem  will 
be  found  useful  and  reasonably  satisfactory. 

Briefly,  the  method  consists  in  finding  the  river  dis- 
charge at  selected  points,  the  rainfall  in  the  valleys  above 
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Diagram  No.  10 
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these  points  during  the  flood  conditions  of  March,  1913,  the 
general  slope  of  the  drainage  area,  and  then  to  apply  these 
measurements  to  watersheds  of  like  character. 

Diagram  10  shows  our  best  information  of  river  dis- 
charge in  March,  1913.  The  number  of  cubic  feet  per  secr 
ond  flowing  from  a square  mile  of  watershed  is  shown  in 
dashed  line.  These  all  had  different  slopes  of  watershed. 
In  full  line  the  measurements  have  been  adjusted  to  a stand- 
ard rainfall  of  seven  inches,  and  to  a standard  average  slope 
of  watershed  of  2 feet  per  mile. 

The  full  line  may  be  used  with  a reasonable  degree  of 
certainty  to  predict  river  discharge  for  the  White  River  and 
the  Wabash  River  watersheds  in  Indiana,  after  making  al- 
lowance for  the  expected  rainfall  and  the  slope  of  the  water- 
shed. 

For  example,  the  area  of  the  White  River  watershed 
above  Indianapolis  is  1680  square  miles,  for  which  area 
Diagram  10  provides  a discharge  of  39.5  cubic  feet  per  sec- 
ond per  square  mile,  (that  is  for  a rainfall  of  seven  inches 
and  a standard  slope  of  the  drainage  area  of  two  feet  per 
mile).  But  the  expected  rainfall  for  1680  square  miles  is 
(Diagram  7)  10.35  inches.  The  fall  from  the  rim  of  the 
watershed  to  Indianapolis  is  450  feet  in  a length  of  83.5 
miles,  and  therefore  the  average  slope  of  the  bed  of  the 
drainage  area  is  5.40  feet  per  mile  on  an  average.* 

To  find  what  river  discharge  Indianapolis  may  reason- 
ably expect  to  pass  through  its  flood  protection  works,  we 
must  increase  the  rate  of  discharge  of  39.5  cubic  feet  per 
second  per  square  mile,  above  mentioned,  in  proportion  to 
the  probable  rainfall  and  also  increase  it  as  the  fourth  root 
of  the  slope.  Our  computation  is  then  as  follows : 

39-5  x x 1680  = 125,580  cu.  ft.  per  second. 

Openings  Required  to  Carry  River  Discharge 

The  civil  engineer  is  able  to  calculate  the  size  of  chan- 
nel and  the  length  of  bridge  opening  to  carry  the  river  dis- 
charge. He  must  take  into  account  local  conditions,  includ- 
ing the  slope  of  the  river  bed,  the  alignment  of  the  channel, 
whether  straight  or  crooked,  and  the  character  of  the  ma- 

*The  slope  of  the  river  channel  is  less  than  the  slope  of  the  drainage 
area.  For  the  White  River  above  Indianapolis  the  average  channel  slope  is 
3.41  feet  per  mile. 
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A COMPARISON  OF  DRAINAGE  AREAS 


STREAM 

AREA 

Square  Miles 

inoj, 

Per  Cent. ' 
of  State 

Percentage  Taken 
Separately 

Total 
Length  of 
River 

Mean  Slope 
of  Drain- 
age Area 

Rainfall, 
23-27, 
Mar.,  1913 

Illi- 

nois 

Indi- 

ana 

Ohio 

Ft.  to 

Miles 

Mile 

In. 

WABASH  SYSTEM 

9,028 

23,829 

358 

32,215 

66.1 

100.0 

6.8 

White  River* 

11,281 

11,281 

31.2 

47.3 

100.0 

7.8 

West  Enrlr 

5,371 

14.8 

47.6 

loo'o 

~2~22 

7.5 

925 

2.5 

17.2 

91 

5.47 

6.4 

285 

0.8 

5.3 

51 

5.01 

5.25 

4,161 

11.5 

77.5 

5,910 

16.4 

52.4 

100.0 

4.22 

8.1 

'348 

1.0 

5.9 

70 

11.71 

7.8 

1,108 

3.1 

18.7 

52 

6.0 

8.4 

516 

1.4 

8.7 

88 

5.7 

9.7 

549 

1.5 

9.3 

72 

5.8 

7.5 

644 

1.8 

10.9 

74 

5.7 

8.00 

Other  Streams 

2,745 

7.6 

46.5 

Wabash  River... 

9,028 

12,548 

358 

21,934 

34.9 

52.1 

TooTo 

482 

1.39 

6.2 

Rig  Oreelr 

198 

0.5 

1.6 

40 

3.95 

6.0 

Patoka  River 

895 

2.6 

7.2 

148 

2.26 

7.5 

Rgeennn  OreeV 

519 

1.4 

4.1 

65 

12.00 

8.4 

Sugar  Creek 

519 

1.4 

4.1 

65 

12.00 

8.4 

Sugar  Creek  _ 

875 

2.3 

7.0 

80 

6.56 

5.64 

Wild  Cat  Creek. 

769 

2.1 

6.1 

64 

5.92 

6.5 

Tippecanoe  River  __ 

1,889 

5.2 

15.0 

133 

3.22 

4.96 

Eel  River 

864 

2.4 

6.9 

79 

3.23 

5.5 

Mississinewa  River__ 

855 

2.4 

6.8 

124 

3.1 

8.08 

Salamonie  River 

528 

1.5 

4.2 

85 

6.7 

7.0 

Other  Streams 

5,086 

14.1 

40.5 

Little  Wabash  River 

3,517 

Embarras  River 

2,367 

Vermilion  River  § 

1,538 

70 

1,608 

0.2 

0.6 





5.5 

Other  Streams 

1,606 

MAUMEE  SYSTEM 

1 ,186 

3.3 

100.0 

Maumee  River 

266 

0.7 

22.4 

25 

5.36 

St.  Joseph  River 

581 

1-6 

49.0 

31 

5.39 

St.  Mary’s  River 

339 

1.0 

28.6 

39 

2.8 

7.31 

OHIO  SYSTEM 

5,733 

15.9 

100.0 

351 

0.3 

7.0 

Miami  River __ 

97 

0.3 

1.7 

10.17 

Whitewater  River 

1,318 

21 

1,339 

3.7 

23.0 

II  17 

If 

9.3 

Pigeon  Creek 

324 

0.9 

5.6 

36 

7.7 

5.52 

Little  Pigeon  Creek. 

369 

1.0 

6.4 

41 

5.3 

5.60 

Anderson  River 

273 

0.8 

4.8 

41 

13.4 

5.78 

Blue  River  

452 

1.2 

7.9 

65 

6.6 

6.14 

Laughery  Creek 

354 

1.0 

6.2 

57 

14.3 

7.17 

Other  Streams 

2,546 

7.0 

44.4 

Other  Streams __ 

5,297 

14.7 

Total  Area  of  State 

~9~028 

36,045 

100.0 

Percentage  of  Wabash 

System  . 

27.2 

71.0 

1.8 

100.0 

"Length,  50  miles;  area,  176  square  miles.  f Including  White.  1 Including  Sugar  Creek. 
§ Including  Lt.  Vermillion.  ||  East  Fork,  52;  West  Fork,  67.  If  E.  Fork,  8.9;  W.  Fork,  4.5. 
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terial  in  the  river  bed.  A steep  slope  with  rock  river-bed  will 
permit  a small  channel  where  high  velocities  will  not  inter- 
fere with  navigation. 

It  is  impracticable  to  draw  general  rules  to  fit  these 
local  conditions  in  advance.  As  a rough  estimate  it  may 
be  stated  that  the  velocities  in  improved  river  channels 
should  not  exceed  six  feet  per  second  average  velocity,  and 
through  bridge  openings  should  not  exceed  eight  feet  per 
second. 

For  instance,  in  the  case  of  Indianapolis,  there  is  indi- 


cated on  this  basis  an  area  of  channel  of 


125,580 

6 


= 20,930 


square  feet,  and  openings  through  bridges  of  15,700  square 
feet.  In  this  case  the  local  conditions  of  the  streams  should 
be  studied  to  see  if  such  velocities  can  be  obtained  under 
the  hydraulic  characteristics  of  the  channel. 

The  Indiana  Flood  Commission  has  made  a special 
study  of  bridge  openings  in  this  state,  and  has  collected  sta- 
tistics showing  the  bridge  openings  in  our  important  streams 
. and  noting  whether  or  not  they  were  damaged  in  the  flood  of 
March,  1913.  This  study  will  not  only  serve  to  determine 
the  measure  of  protection  of  these  structures,  against  floods, 
but  will  serve  as  a basis  for  rules  to  determine  the  proper 
size  of  bridge  openings  in  the  future. 
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TESTS  OF  STANDARD  AND  CLASP  BRAKE  RIGGING 
FOR  PASSENGER  TRAIN  SERVICE 

By  E.  F.  Licksy,  M.  E.,  ’09 

The  purpose  of  the  following  article  is  to  give  in  a 
brief  and  readable  manner  a synopsis  of  the  results  of  a 
series  of  tests  made  to  determine  the  relative  advantages 
of  standard  and  clasp  brake  rigging  when  used  in  passenger 
train  service.  It  should  be  understood  that  the  following 
is  a summary  of  the  teste  in  which  the  writer  was  one  of 
the  engineers  securing  the  data  and  afterwards  formulating 
the  same.  A good  portion  of  this  article  is  necessarily 
therefore  an  extract  of  the  original  report  submitted  to  the 
officials  of  the  Lake  Shore  & Michigan  Southern  Railway. 

Several  years  ago  the  L.  S.  & M.  S.  Ry.,  in  common 
with  other  roads,  had  a great  deal  of  trouble  with  slid  flat 
wheels  caused  by  the  heavy  braking  pressure  necessary  on 
account  of  the  increased  weight  of  equipment  and  aided 
by  the  cold  winter  weather  and  frosty  rails.  It  became  so 
serious  and  so  many  passenger  cars  were  cut  out  on  account 
of  flat  wheels  that  something  had  to  be  done. 

The  clasp  brake  was  proposed  as  a means  of  overcom- 
ing the  trouble.  This  type  uses  two  brake  shoes  per  wheel 
as  compared  with  one  shoe  per  wheel  in  the  standard  brake 
rigging.  The  standard  brake  rigging  has  many  disadvan- 
tages, among  which  are  the  following: 

(a)  The  journal  is  forced  out  from  under  its  bearing 
with  resultant  bad  effects.  This  is  shown  in  Figs.  1 and  2. 

(b)  Considerable  side  pressure  of  the  journal  box 
against  the  pedestal  is  produced  and  a consequent  tendency 
to  slide  wheels. 

(c)  Braking  force  is  reduced  on  account  of  a con- 
siderable horizontal  travel  of  brake  shoes  with  correspond- 
ing increase  of  piston  travel. 

(d)  Shoe  wear  is  very  rapid  and  the  coefficient  of 
friction  varies  widely. 

It  was  thought  that  the  clasp  brake  would : 

(a)  Maintain  more  uniform  piston  travel  and  insure 
greater  flexibility  for  service  braking  and  higher  cylinder 
pressures  in  emergency  application. 

(b)  Shorten  the  stopping  distance. 

(c)  Reduce  the  tendency  to  slide  wheels. 
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(d)  ' Prolong  the  life  of  brake  shoes. 

(e)  Relieve  the  journal  bearings,  pedestals,  etc.,  of 
unbalanced  pressures  tending  toward  displacement  of  parts. 

(f)  Improve  the  action  of  the  brake  in  regard  to 
smoothness  and  uniformity  of  stops. 

In  order  to  determine  what  advantage,  if  any,  that 
the  clasp  brake  arrangement  possessed  over  the  standard 
foundation  brake  rigging,  a series  of  tests  were  made  near 
Toledo,  Ohio,  by  a corps  of  engineers  representing  the 


Westinghouse  Air  Brake  Company  and  the  L.  S.  & M.  S.  Ry. 
The  writer  was  among  the  latter.  Three  L.  S.  & M.  S.  steel 
coaches  equipped  with  P.  C.  Air  Brake  Equipment  and 
Standard  N.  Y.  C.  Lines  foundation  brake  rigging,  and 
three  similar  cars  with  the  same  air  brake  equipment  but 
with  clasp  brake  rigging  were  used  in  the  tests. 

The  tests  were  made  on  a stretch  of  track  picked  on 
account  of  its  freedom  from  traffic  at  certain  hours  and  it 
being  as  straight  and  level  as  possible. 

The  track  was  wired  with  circuit  breakers,  the  latter 
being  connected  with  a chronograph  in  a station  alongside 
the  track.  The  first  car  was  arranged  with  a suitable  wipe 
to  engage  the  circuit  breakers.  The  engine  was  equipped 
with  a trip  mechanism  so  that  it  was  cut  off  from  the  train 
and  gradually  pulled  away  from  the  latter  when  a test  was 
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made.  This  was  necessary  on  account  of  the  tests  being 
practically  all  break-away;  that  is,  the  engine  was  cut  loose 
from  the  train  so  as  to  eliminate  as  many  variables,  in  the 
weight  of  engine  and  tender  as  possible. 

The  method  of  conducting  the  tests  may  be  of  interest. 
Everything  being  in  readiness  the  engine  with  train  would 
back  up  several  miles,  the  distance  depending  on  the  speed 
desired  at  the  trip.  They  would  then  come  ahead  judging 
their  speed  from  a Boyer  recorder  on  the  engine  and  by 
experience.  At  the  trip  the  engine  was  cut  loose  from  the 


Fig.  2 


train,  the  latter  being  braked  by  making  the  desired  brake 
pipe  reduction.  Brake  cylinder  pressures  were  secured  by 
indicators  attached  to  the  same,  while  length  of  stop,  speed 
wheels  slid,  etc.,  were  also  secured. 

The  results  of  each  test  when  made  were  tabulated  on 
a general  log  kept  at  the  chronograph  station.  The  data 
secured  were  carefully  checked  and  rechecked  to  be  sure 
of  eliminating  inaccuracies.  Numerous  curves  were  plotted, 
among  these  being  speed  time,  speed  distance  and  resis- 
tance curves.  From  these  curves  and  from  a study  of  the 
data  obtained  certain  conclusions  were  drawn  as  shown  in 
the  following: 
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1.  Length  01?  Stop  with  Standard  and  Clasp  Brake 

Rigging 

Under  like  conditions  of  standing  piston  travel  and 
brake  pipe  pressure,  the  clasp  brake  cars  stopped  slightly 
shorter  than  the  standard  brake  cars.  This  difference  was 
in  accordance  with  the  higher  cylinder  pressures  obtained 
on  the  clasp  brake  cars  as  compared  with  what  was  ob- 
tained on  the  standard  brake  cars,  resulting  from  the  better 
efficiency  of  the  clasp  brake  arrangement  in  preventing  as 
great  an  increase  in  emergency  running  over  service  stand- 
ing piston  travel  as  was  obtained  with  the  standard  brake 
arrangement. 

When  the  release  springs  were  removed  from  the  clasp 
brake  cars,  the  operation  of  the  equipment  indicated  that 
entirely  satisfactory  service  would  be  obtained  with  release 
springs  of  much  less  strength  than  those  applied  to  these 
cars  and  as  far  as  could  be  observed,  no  release  springs 
were  needed  with  clasp  brake  cars.  The  stops  with  release 
J springs  removed  were  approximately  50  ft.  (about  6 per 
cent.)  shorter  than  in  tests  with  the  release  springs  applied, 
made  three  days  before,  but  the  trials  were  not  carried  far 
enough  to  prove  how  much  of  the  difference  was  due  to  this 
change  and  how  much  to  other  causes  which  resulted  in 
more  or  less  change  in  stopping  distance  under  equivalent 
conditions  throughout  the  tests. 

2.  Braking  Power  Required  on  Clasp  Brake  Cars  to 
Insure  Practically  the  Same  Stop  as  Present 

Standard  Brake  Rigging 

The  records  indicate  that  with  approximately  150% 
nominal  emergency  braking  power  on  the  clasp  brake  cars 
and  170%  nominal  emergency  braking  power  on  the  stand- 
ard brake  cars,  the  difference  in  running  piston  travel  with 
the  two  equipments,  (1  Y%"  average  increase  with  150% 
braking  on  clasp  brake  cars  and  5"  average  increase  with  a 
170%  braking  power  and  standard  rigging)  will  be  such 
that  the  actual  per  cent,  of  braking  power  realized  will  pro- 
duce approximately  the  same  stop  with  each  type  of  rigging. 

3.  Uniformity  of  Performance  of  Standard  and  Clasp 

Brake  Cars,  in  Emergency  Stops 

The  stops  with  the  three  clasp  brake  cars  vary  through 
a considerably  narrower  range  than  those  for  the  three 
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standard  brake  cars  with  the  same  percentage  of  braking 
power,  which  indicates  that  the  clasp  brake  insures  a greater 
mniformity  of  brake  action. 

For  example,  the  variation  in  rate  of  retardation  of 
the  clasp  brake  cars  on  different  tests  under  similar  condi- 
tions amounted  to  only  about  6 per  cent.,  while  for  the 
standard  brake  cars,  the  corresponding  variation  is  30  per 
cent. 

The  single  car  emergency  tests,  made  to  find  out  if 
there  was  any  greater  variation  in  rates  of  retardation  on 
individual  cars  with  the  standard  than  there  was  with  the 
clasp  brake,  indicated  that  on  the  basis  of  the  same  amount 
of  braking  power,  the  individual  cars  varied  but  little  and 
approximately  the  same  amount  for  both  types  of  rigging 
(7.65%  for  the  clasp  brake  and  6%  for  the  standard  brake.) 

4.  Coefficient  of  Brake  Shoe  Friction  with  One 
Brake  Shoe  per  Wheee  and  With  Two  Brake 

Shoes  per  Wheel 

The  results  of  the  tests  do  not  show  that  any  consist- 
ently higher  average  coefficient  of  brake  shoe  friction  was 
realized  on  the  cars  having  two  shoes  per  wheel  than  on  the 
cars  having  one  shoe  per  wheel. 

5.  Wheel  Sliding  with  Clasp  and  Standard  Brake 

Cars 

On  the  high  speed  track  with  the  clasp  brake  cars  the 
longest  slide  with  any  of  the  percentages  of  braking  power 
used  either  in  emergency  or  service  application  was  35  ft. 
for  one  pair  of  wheels.  In  similar  tests  with  the  standard 
brake  cars  no  sliding  occurred  in  service  application  but  in 
emergency  applications  individual  pairs  of  wheels  (always 
middle  pairs)  slid  occasionally.  The  longest  slide  recorded 
was  585  ft.  Next  in  order  of  length  came  one  each  of  330 
ft.,  125  ft.,  100  ft.,  90  ft.  and  several  more  shorter  slides. 

6.  Effect  of  Emergency  Reservoirs  Being  Cut  in  or  Out 

STANDARD  BRAKE  CARS. 

Comparative  tests  of  standard  brake  cars  with  and 
without  emergency  reservoirs  average  1136  ft.  stop  from 
60  miles  per  hour  with  the  emergency  reservoirs  cut  out 
and  970  ft.  for  the  reservoirs  cut  in.  This  shows  that  there 
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was  an  average  increase  of  about  166  ft.  in  the  length  of 
stop  when  the  emergency  reservoirs  were  cut  out. 

However,  it  should  be  observed  in  this  connection,  that 
there  is  as  great  a difference  as  this  between  the  best  and 
the  poorest  stops  made  with  the  standard  brake  cars  and 
the  emergency  reservoirs  cut  in. 

Thus  the  cutting  out  of  the  emergency  reservoirs  does 
not  necessarily  influence  the  length  of  stop  any  more  than 
may  result  from  other  causes,  such  as  condition  of  brake 
shoes,  when  all  - conditions  were  supposed  to  be  the  same. 

CLASP  BRAKE  CARS. 

Practically  the  same  relation  between  the  emergency 
stops  with  emergency  reservoirs  in  and  out  was  found  to 
exist  with  the  clasp  brake  cars  as  indicated  above  for  the 
standard  brake  cars.  With  the  emergency  reservoirs  out,  an 
average  stop  of  1084  ft.  was  obtained  and  with  the  emerg- 
ency reservoirs  in,  the  stopping  distance  averaged  944  ft., 
or  an  average  increase  of  144  ft.  when  the  emergency  res- 
ervoirs were  cut  out. 

7.  Total  Leverage:  Ratio  with  Clasp  Brake  Cars 

The  average  increase  in  emergency  running  piston  trav- 
el over  service  standing  piston  travel,  averaged  from  all 
runs  in  the  log,  was  2"  for  the  clasp  brake  rigging  and  5" 
for  the  standard  brake  rigging,  both  at  nominally  170% 
braking  power.  The  maximum  increase  for  the  clasp  brake 
cars  was  3J6"  and  for  the  standard  brake  cars  6j4". 

If  it  is  assumed  that  an  increase  of  2^4"  piston  travel 
is  not  objectionable,  the  total  leverage  ratio  on  the  clasp 
brake  cars  can  be  increased  from  about  5.6  to  1 (as  it  aver- 
aged for  the  cars  used  in  these  tests)  to  about  8 to  1,  with 
maximum  emergency  braking  power  150%,  should  such 
a leverage  ratio  be  found  desirable  in  order  to  permit  the  use 
of  smaller  size  brake  cylinders  and  still  insure  satisfactory 
results. 

8.  Eppect  op  Clasp  and  Standard  Brake  Rigging  on 
the  Movement  op  the  Journals,  Side  Pressure 

Against  Pedestals,  Distribution  op 
Braking  Forces 

With  the  standard  brake  rigging  it  was  observed  that 
the  high  pressure  exerted  by  the  single  shoe  on  one  side  of 
the  wheel,  tilted  the  brasses  sufficiently  to  lift  one  side  of 
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the  brass  a considerable  distance  away  from  the  journal, 
so  that  a wide  space  was  open  for  waste  to  be  caught  be- 
tween the  brass  and  the  journal  when  the  brake  was  re- 
leased. One  instance  was  observed  when  on  a service  ap- 
plication of  the  brake,  waste  was  found  wrapped  around 
the  journal.  The  collar  was  forced  nearly  and  in  some 
cases  quite  to  the  side  of  the  box  and  in  all  cases  the  boxes 
were  forced  tightly  against  the  pedestals.  See  Figs,  r and  2. 

These  effects  were  not  confined  to  emergency  appli- 
cations but  were  also  noted  in  service  applications  of  the 
brake  and  are  all  in  the  direction  of  producing  hot  boxes 
and  rough  riding  during  brake  applications.  The  binding  of 
the  boxes  against  the  pedestals  and  the  unequal  distribu- 
tion of  the  percentages  of  braking  power  with  the  single 
brake  shoe  per  wheel,  also  tend  to  produce  slid  flat  wheels. 

With  the  clasp  brake  arrangement  none  of  the  effects 
just  mentioned  existed. 

9.  Service  Applications  with  Standard  and  Clasp 

Brake  Rigging 

While  the  records  show  but  a slight  difference  in  length 
of  stop  in  service  applications  in  favor  of  the  clasp  type  of 
brake  rigging,  there  was  a marked  improvement  in  the 
riding  of  the  cars  during  service  stops  with  the  clasp  brake 
cars  as  compared  with  those  of  the  standard  brake  cars, 
with  less  displacement  of  trucks,  journals,  etc. 

10.  Relative  Wear  oe  Brake  Shoes  with  Standard 

and  Clasp  Brake  Rigging 

While  there  was  no  record  of  the  amount  of  brake  shoe 
wear  by  weighing  the  shoes,  it  was  observed  that  the  shoes 
wore  down  much  faster  with  the  standard  brake  rigging 
than  with  the  clasp  brake  rigging.  While  used  shoes  were 
applied  to  all  cars  at  the  beginning  of  the  test,  some  of  the 
shoes  on  the  clasp  brake  cars  had  not  been  worn  down  to  a 
full  bearing  at  the  conclusion  of  the  tests.  The  shoes  on 
the  standard  brake  cars  wore  down  to  a bearing  in  a few 
days,  but  in  some  cases  did  not  hold  this  bearing  but  warped 
away  from  the  wheel  so  that  the  amount  of  surface  in  con- 
tact was  changing  from  day  to  day. 
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ii.  Relative;  Heating  oe  Wheels  and  Seioes  with 
Clasp  and  Standing  Brake  Rigging 

It  was  noted  that  the  temperature  of  both  wheels  and 
brake  shoes  with  clasp  brake  cars  was  uniformly  much 
lower  than  with  the  standard  brake  rigging,  which  would 
reduce  to  a minimum  the  heating  of  tires  and  damage  to 
wheels  and  prolong  the  life  of  the  brake  shoe. 

The  tests  discussed  briefly  above  brought  out  conclu- 
sively that  the  clasp  brake  was  the  proper  design  of  brake 
for  use  on  heavy  passenger  equipment.  The  increasing  ten- 
dency toward  all  steel  cars  has  made  necessary  a design  of 
brake  which  will  be  sufficient  to  give  a stopping  distance  in 
both  service  and  emergency  equal  or  better  than  that  obtain- 
ed with  the  standard  brake  and  do  this  without  sliding 
wheels.  The  fact  that  practically  all  new  passenger  cars  pur- 
chased on  the  N.  Y.  C.  Railroad  have  the  clasp  brake  and 
that  little  or  no  trouble  is  experienced  with  slid  flats  must 
be  considered  as  favorable  to  the  new  design. 
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A NEW  SOLUTION  FOR  THE  PROBLEM  OF 
SELECTIVITY  IN  TORPEDO  CONTROL 

By  B.  F.  Miessner,  E.  E.,  ’17 

The  recent  War  Department  tests  of  the  Hammond 
Wirelessly  directed  torpedo,  which  has  been  reported  from 
many  authoritative  sources  as  the  most  formidable  weapon 
of  destruction  ever  developed  for  naval  warfare  and  the 
many  newspaper  accounts  and  editorial  comments  occas- 
ioned by  the  remarkable  success  achieved  in  these  tests, 
makes  a discussion  of  the  solution  of  one  of  the  chief  prob- 
lems encountered  particularly  interesting  at  this  time. 

A practical,  shore-directed  torpedo  has,  for  years,  been 
one  of  the  wildest  dreams  of  Naval  and  Army  officers.  Given 
a high  speed,  semi-submerged  vessel,  carrying  a sufficient 
charge  of  high  explosive  material  to  blow  the  biggest  dread- 
naught  virtually  into  pieces,  and  a reliable  and  accurate 
means  of  guiding  it  from  a distance.  With  these  a nation 
need  never  fear  invasion  by  sea.  A large  number  of  these 
torpedoes  (a  thousand  of  which  could  be  built  for  the  cost 
of  a single  battleship)  scattered  along  the  coast  with  wire- 
less control  stations  for  operating  them  would,  indeed, 
afford  a most  effective  means  of  coast  defense. 

The  realization  of  these  facts  as  long  as  twenty  years 
ago  led  inventors  and  scientific  men  to  focus  their  atten- 
tion on  the  development  of  a dependable  means  of  distant 
control  for  self  propelled  boats.  Now,  at  the  end  of  two 
decades  of  work  by  investigators  in  all  quarters  of  the 
globe  twenty  years  of  endeavor,  failure,  and  minor  suc- 
cesses— we  are  at  last  upon  the  threshold  of  a new  era  in 
Naval  warfare,  an  era  fraught  with  possibilities,  the  per- 
ception of  which  even  by  the  veriest  layman,  requires  no 
over-exercise  of  the  imagination.  An  era  of  WARFARE 
we  say,  and  yet  can  we  help  but  say  of  PEACE, as  well,  for 
is  it  not  true  that  every  engine  of  destruction  conceived  by 
man  is  also  a weapon  of  construction?  Does  not  every 
death  dealing  instrument  of  war  tend  to  avert  the  very  end 
for  which  it  was  created?  Does  not  every  new  advance  in 
the  science  of  human  slaughter  make  war  more  and  more 
horrible  and  humanity  less  and  less  tolerant  of  these  relics 
of  barbarism,  these  present-day  methods  of  settling  inter- 
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national  difficulties,  which  even  now  are  exacting  their 
tremendous  revenue  of  human  life  and  misery? 

Considered  broadly  the  two  greatest  difficulties  to  be 
overcome  in  the  evolution  of  a serviceable  dirigible  torpedo, 
have  been, 

1.  The  lack  of  a reliable  means  of  transmitting  and 
receiving  a sufficient  amount  of  energy  to  actuate  the 
control  apparatus  at  useful  distances. 

2.  “The  Selectivity”  problem.  This,  stated  simply,  is 
to  provide  a means  of  allowing  the  shore  station  to  direct  its 
torpedo  unhindered  by  the  attempts  of  the  hostile  battleships 
to  interfere. 

The  first  of  these  difficulties  has  only  been  surmounted 
within  the  last  three  years ; the  second,  though  not  yet  com- 
pletely solved,  is  well  on  the  way  and  bids  fair  to  make 
complete  the  realization  of  the  invention’s  possibilities.  The 
fact  that  Mr.  Hammond  has  successfully  controlled  a high 
speed,  explosive-laden  boat  at  distances  up  to  thirty  miles 
from  the  transmitting  station  while  deliberate  attempts  to 
interfere  were  being  made  by  nearby  wireless  stations,  fur- 
nishes proof  enough  to  convince  the  most  skeptical,  of  the 
invention’s  value  in  defending  the  extended  coast  lines  of  the 
United  States. 

The  selectivity  problem,  which  is  the  greatest  by  far 
of  all  obstacles  to  be  overcome  in  the  successful  evolution 
of  a wirelessly  controlled  torpedo  is  one  of  comparative 
difficulty  depending  upon  the  degree  of  non-interferability 
desired. 

A selective  receiver  may  be  likened  to  a safety  vault. 
The  transmitter  corresponds  to  the  owner  of  the  safe  and 
he  alone  possesses  the  combination.  No  safes  are  absolute- 
ly burglar-proof,  and  their  value  depends  principally  upon 
the  length  of  time  required  for  a skilled  cracksman  to 
reach  the  inside.  Likewise  no  receivers  are  absolutely  se- 
lective for  the  simple  reason  that  an  operator  of  another 
station  bent  on  interfering  can  take  observations  and  meas- 
urements on  the  signals  sent  out  to  the  selective  receiver 
(just  as  a burglar  may  watch  the  opening  of  a safe  by  the 
owner)  and  adjust  his  own  apparatus  to  emit  waves  of  ex- 
actly the  same  characteristics  as  those  of  the  transmitter  de- 
signed and  adjusted  for  the  selective  receivers  operation. 

The  burglar,  instead  of  trying  to  learn  the  combination 
of  a safe,  may  use  sheer  force  in  reaching  the  inside ; an 
explosion  of  nitro-glycerin  for  example.  In  the  same  man- 
ner a hostile  transmitting  station  can  perform  the  desired 
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effect  in  the  selective  receiver,  i.  e.,  operate  the  receiving 
relay,  by  the  emission  of  very  strong  signals,  so  that  forced 
oscillations  are  set  up.  This  is  known  as  the  “whip  crack” 
effect  and  it  is  believed  that  very  few  receivers  are  immune 
from  it. 

The  best  wireless  signalling  sets,  such  as  those  used 
by  the  United  States  Navy,  are  considered  very  selective 
qnd  yet  the  interference  existent  between  them  is  quite 
serious.  Take  for  example:  Washington  is  receiving  a 

message  from  the  Eiffel  Tower  Station  in  Paris  which  is 
sending  at  3,000  meters  wave  length.  It  is  easily  possible 
for  a station  in  California  with  an  equal  amount  of  power 
and  at  practically  the  same  distance  to  make  the  Paris  mes- 
sage unintelligible  at  Washington  simply  by  sending  signals 
at  or  within,  say,  two  or  three  per  cent,  of  3,000  meters 
wave  length. 

Again,  some  insignificant  station,  with  little  power  and 
within  a few  miles  of  Washington,  could  make  it  practically 
impossible  for  Washington  to  receive  any  messages  at  all 
from  distant  stations,  by  sending  out  broadly  tuned  signals 
of  high  damping.  These  highly  damped,  or  untuned  signals, 
by  the  previously  mentioned  whip  crack  effect,  cause  the 
receiving  antennae  to  vibrate  in  their  own  periods  regard- 
less of  what  these  periods  may  be  and  thereby  produce  a 
great  deal  of  interference.  To  illustrate : sing  a clear,  steady 
tone  into  a piano.  The  string,  which  when  struck,  emits 
that  tone  will  audibly  vibrate  in  resonance.  Then  shout 
loud  and  gruffly  into  the  same  piano ; practically  every 
string  will  be  set  in  vibration  thus  producing  a dull  roar. 
The  first  tone  corresponds  to  the  signals  sent  out  by  tuned 
transmitters;  the  second  (noise)  to  the  whip  crack  signals 
emitted  by  an  untuned  transmitter. 

Another  comparison  might  serve  to  illustrate,  the  de- 
gree of  selectivity  necessary  for  torpedo  control.  We  have 
three  persons,  A,  B,  and  C.  A and  B are  together  at  one 
place  and  C is  a mile  away.  The  problem  is  to  allow  A 
to  hear  what  C says  while  B is  shouting  in  his  ears.  “Im- 
possible,” you  say?  Yet  the  torpedo  problem  is  practically 
an  exact  analogy.  We  must  be  able  to  make  the  electro 
magnetic  ear  of  the  torpedo  hear  our  control  impulses  eight 
miles  away,  while  it  is  at  the  very  side  of  a battleship  cap- 
able of  almost  deafening  it  with  a force  of  its  own  power- 
ful signals. 

It  is  true  we  could  sidetrack  the  selectivity  problem 
and  simply  use  such  a large  amount  of  energy  at  our  shore 
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station  that  more  energy  could  be  delivered  to  the  torpedo 
at  eight  miles  distance  than  the  hostile  battleship  could  de- 
liver to  it  at  a hundred  feet.  This  is  possible  because  the 
amount  of  energy  that  can  effectively  be  used  aboard  a mod- 
ern battleship  does  not  greatly  exceed  five  K.  W.  This  is 
due  to  the  limited  size  of  the  antenna.  A shore  station,  with 
practically  no  limits  on  the  size  and  height  of  its  antenna, 
can  easily  use  ioo  K.  W.  The  shore  station  also  has  the  ad- 
ditional advantage  of  being  able  to  direct  its  energy  some- 
what in  the  general  direction  of  operations.  This  can  be 
accomplished  either  by  the  use  of  an  inverted  “L”  type 
antenna  with  a flat  top,  long,  in  proportion  to  its  height,  as 
suggested  by  Marconi,  or  by  the  use  of  the  Bellini-Tosi 
Radio  Goniometer. 

Side  stepping  the  problem,  by  using  a land  station  of 
tremendous  power  is,  however,  not  the  practical  and  efficient 
solution.  In  the  first  place  although  desirable,  absolute  se- 
lectivity is  not  necessary.  A receiver  that  would  require, 
say,  fifteen  minutes  time  for  the  enemy  to  learn  its  combin- 
ation, that  is,  the  characteristics  of  its  operative  wave, 
would  in  all  probability  satisfy  the  requirements.  In  that 
length  of  time  the  torpedo  would  very  likely  have  completed 
its  work  of  destruction. 

Since  the  problem  of  securing  a sufficiently  high  de- 
gree of  selectivity  to  insure  non-interferability  has  been  at- 
tacked from  many  different  sides,  without  the  desired  re- 
sults. Those  engaged  in  this  work  have  cast  about  for  paths 
which  might  lead  to  the  solution  of  the  real  problem.  This, 
after  all  is  not  one  of  selectivity,  although  heretofore  looked 
upon  as  such  but  it  is  simply  one  of  preventing  interference. 
A safe  manufacturer,  instead  of  devoting  his  entire  atten- 
tion to  developing  complicated  combination  locks  or  ex- 
plosion-proof vaults,  might  arrive  at  the  same  desired  end, 
namely  to  keep  burglars  out  by  an  entirely  different  route. 
This  might  be  accomplished  by  electrifying  the  safe  with 
powerful  apparatus  within  it  so  that  the  burglar  would  not 
dare  to  tamper  with  it  for  fear  of  being  his  own  executioner. 

The  problem  of  selectivity  likewise  can  be  cast  aside 
as  one  of  secondary  importance  and  the  real  problem  of 
keeping  the  enemy  from  tampering  with  the  torpedo  by 
means  of  their  own  wireless  transmitter,  solved  by  the  use 
of  apparatus  which  will  make  them  their  own  executioner. 

In  1912  the  writer,  associated  with  John  Hays  Ham- 
mond, Jr.,  developed  an  apparatus  which  we  have  called 
“An  Orientation  Mechanism.”  The  principle  involved  in 
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this  machine  has  been  applied  to  torpedo  control  with  this 
same  idea  of  making  it  hazardous  for  the  enemy  to  attempt 
interference.  This  orientation  mechanism  which  has  also 
been  popularly  called  the  “Electric  Dog,”  in  its  present  form, 
consists  of  a rectangular  box  about  three  feet  long,  one  and 
a half  feet  wide,  and  one  foot  high.  This  box  contains  all 


Screen 


Condensing  Lena 


Wiring  Diagram-  Electric  Dog 
Fig.  1 

the  instruments  and  mechanism,  and  is  mounted  on  three 
wheels,  two  of  which  are  geared  to  a driving  motor,  and  the 
third,  on  the  rear  end,  is  so  mounted  that  its  bearings  can 
be  turned  by  electro  magnets  in  a horizontal  plane.  Two 
five  inch  condensing  lenses  on  the  forward  end  appear  very 
much  like  large  eyes. 

If  a portable  electric  light  be  turned  on  in  front  of  the 
machine  it  will  immediately  begin  to  move  toward  the  light, 
and  moreover,  will  follow  that  light  all  around  the  room  in 
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many  complex  manoeuvers  at  a speed  of  about  three  feet 
per  second.  The  smallest  circle  in  which  it  will  turn  is  of 
about  ten  feet  diameter  this  is  due  to  the  limiting  motion 
of  the  steering  wheel. 

Upon  shading  or  switching  off  the  light  the  dog  can 
be  stopped  immediately  but  it  will  resume  its  course  behind 
the  moving  light  so  long  as  the  light  reaches  the  condensing 
lenses  in  sufficient  intensity.  Indeed,  it  is  more  faithful  in 
this  respect  than  the  proverbial  ass  behind  the  bucket  of 
oats.  To  the  uninitiated,  the  performance  of  the  pseudo 
dog  is  very  uncanny. 


Fig.  2 


The  explanation  is  very  similar  to  that  given  by  Jaques 
Toeb,  the  biologist,  of  reasons  responsible  for  the  flight  of 
moths  into  a flame.  According  to  Mr.  Toeb’s  conclusion, 
which  is  based  on  his  researches,  the  moth  possesses  two 
minute  cells,  one  on  each  side  of  the  body.  These  cells  are 
sensitive  to  light,  and  when  one  alone  is  illuminated  a sen- 
sation similar  to  our  sensation  of  pain  is  experienced  by  the 
moth ; when  both  are  equally  illuminated,  no  unpleasant 
sensation  is  felt.  The  insect  therefore  keeps  its  body 
in  such  a position,  by  some  manner  of  reflex  action,  as  will 
insure  no  pains,  and  in  this  position  the  forward  flying  mo- 
tion will  carry  it  directly  toward  the  source  of  light. 

The  orientation  mechanism  possesses  two  Selenium 
cells,  corresponding  to  the  two  light  sensitive  organs  of  the 
moth,  which,  when  influenced  by  light  effect  the  control  of 
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sensitive  relays,  instead  of  controlling  nervous  apparatus 
for  pain  production,  as  is  done  in  the  moth.  The  two  relays 
controlled  by  the  selenium  cells  in  turn  control  electro  mag- 
netic switches  which  effect  the  following  operations;  when 
one  cell  or  both  are  illuminated  the  current  is  switched  onto 
the  driving  motor;  when  one  cell  alone  is  illuminated,  an 
electro  magnet  is  energized  and  effects  the  turning  of  the 
rear  steering  wheel.  The  resultant  turning  of  the  machine 
will  be  such  as  to  bring  the  shaded  cell  into  the  light.  As 
soon  and  as  long  as  both  cells  are  equally  illuminated  in 
sufficient  intensity,  the  machine  moves  in  a straight  line 


Fig.  3 


toward  the  light  source.  By  throwing  a switch,  which  re- 
verses the  driving  motors  connecting,  the  machine  can  be 
made  to  back  away  from  the  light  in  a most  surprising  man- 
ner. When  the  intensity  of  the  illumination  is  so  decreased 
by  the  increasing  distance  from  the  light  source,  that  the  re- 
sistances of  the  cells  approach  their  dark  resistances,  the 
sensitive  relays  break  their  respective  circuits,  and  the  ma- 
chine stops. 

The  principle  of  this  orientation  mechanism  has  been 
applied  to  the  Hammond  Dirigible  Torpedo  for  demonstra- 
ting what  is  known  as  Attraction  by  interference.  That  is, 
if  the  enemy  tries  to  interfere  with  the  guiding  station’s  con- 
trol, the  torpedo  will  be  attracted  to  it.  The  torpedo  is  fit- 
ted with  apparatus  similar  to  that  of  the  electric  dog,  so  that 
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if  the  enemy  turns  their  search  light  on  it,  it  will  immediate- 
ly be  guided  toward  that  enemy  automatically. 

In  order  that  the  search  light  used  by  the  control  oper- 
ator may  not  have  this  same  effect,  use  is  made  of  a Gyro- 
scope to  keep  the  turn  table  upon  which  the  cells  are  mount- 
ed, in  a fixed  position  relative  to  the  earth.  In  this  way  no 
matter  how  much  the  torpedo  turns,  or  in  what  direction  it 
is  traveling  the  selenium  cells  will  always  face  from  the 
shore  and  toward  the  attacking  battleship  in  the  open  sea. 

By  means  of  two  directive  antennae,  instead  of  two 
selenium  cells  the  same  principle  may  be  applied  for  attrac- 
tion by  interference  when  Hertzian,  instead  of  light  waves 
, are  used.  Sound  waves  might  also  be  utilized  in  a similar 
manner  so  that  the  sound  reaching  the  torpedo  (which 
would  be  equipped  with  two  submerged  microphones  made 
sensitive  and  directive  by  megaphone  attachments)  from 
the  pounding  of  the  battleships  engines  and  other  machin- 
ery, would  effect  its  attraction  in  a way  analogous  to  the 
attraction  of  a source  of  light  for  the  orientation  mechan- 
ism. It  is  just  possible  too,  that  similar  apparatus  could  be 
used  for  the  detection  of  submarines,  or  for  defense  against 
them. 
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PROGRESS  IN  METHODS  OF  WATER 
PURIFICATION 

By  C.  A.  Jennings,  Purdue,  ’06 

Although  alum  was  used  in  Egypt  many  years  ago  to 
clarify  water,  nevertheless  very  little  was  done  toward  pur- 
ifying water  until  the  last  century.  The  underground 
sources  of  water  supply  were  usually  sufficient  to  furnish 
all  the  water  needed.  As  cities  grew  in  size,  it  became 
necessary  in  many  cases  to  find  sources  of  water  supply 
more  ample  for  the  present  and  future  needs.  Many  cities 
began  to  use  surface  water  supplies.  Incident  to  the  growth 
in  population  and  the  introduction  of  sewer  systems  was  the 
increased  pollution  of  the  surface  water  supplies.  The  new 
science  of  bacteriology,  developed  about  the  middle  of  the 
last  century,  showed  the  relationship  between  polluted  water 
supplies  and  intestinal  diseases.  Means  were  adopted  to 
purify  as  well  as  clarify  water.  Storage  reservoirs,  set- 
tling basins  and  filters  then  came  into  use.  For  various 
reasons  the  installation  of  filters  (slow  sand  and  rapid  sand 
or  mechanical)  was  more  widely  adopted  than  other  meth- 
ods of  purification.  Principally  this  was  due  to  their  adap- 
tability to  almost  any  topography,  capability  of  handling 
water  of  any  character  and  their  compactness.  The  rapid 
and  phenomenal  growth  of  filtration  in  the  United  States  is 
shown  in  the  following  table  compiled  by  Mr.  Geo.  A.  John- 
son of  New  York.  This  table  shows  the  population  supplied 
with  filtered  water : 

1870  None 

1880  30,000 

1890  310,000 

1900  1,860,000 

1910  10,806,000 

1914  17,291,000 

Filter  plants  were  formerly  installed  with  a guarantee 
to  remove  all  but  2%  or  3%  of  the  bacteria  in  the  water. 
As  the  population  per  square  mile  on  the  watersheds  be- 
came greater  and  greater  and  the  volume  of  sewage  dis- 
charged into  the  streams  became  larger  and  larger,  the  bur- 
den placed  upon  the  purification  plants  was  found  to  be  ex- 
cessive. This  condition  called  for  the  development  of  a 
finishing  process. 
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About  1908  four  methods  of  treatment  supplementary 
to  filtration  and  other  water  purification  systems  were  de- 
veloped. They  were  the  hypochlorite,  liquid  chlorine,  ozone 
and  ultra-violet-ray  processes.  Chlorine  gas,  a by-product 
of  the  manufacture  of  soda,  when  passed  into  lead  lined 
chambers  containing  dry,  slaked  lime,  forms  bleaching  pow- 
der, hypochlorite  of  lime  or  “hypo”  as  it  is  called  by  water- 
works men.  The  average  strength  of  hypo,  expressed  as 
“available  chlorine”  is  about  37%.  Hypo  was  first  used 
on  a large  scale  in  water  work  in  1908  at  the  Bubbly  Creek 
filter  plant  at  the  Chicago  Stock  Yards.  It  was  not  used 
, for  clarifying  water  but  for  oxidizing  the  organic  matter 
and  killing  the  bacteria.  It  was  found  that  this  treatment 
seemed  to  have  an  affinity  for  the  disease  producing  bac- 
teria in  water,  which  was  the  primary  object  of  such  sup- 
plementary processes.  Up  to  1914  some  500  cities  had 
adopted  this  treatment,  some  using  it  alone  as  an  emergency 
treatment  while  other  cities  used  it  as  an  adjunct  or  fin- 
ishing process  with  filtration,  sedimentation  or  storage.  It 
has  served  its  purpose  well.  Many  epidemics  of  Typhoid 
Fever  have  been  arrested  and  probably  many  more  have  been 
averted  by  the  use  of  this  process.  It  has  been  a cheap 
treatment  to  install  and  to  operate  and  its  efficiency  cannot 
be  questioned. 

Within  the  last  year  or  18  months  a new  treatment  has 
reached  a practical  working  basis  and  has  been  rapidly  re- 
placing hypo  treatment.  This  is  the  liquid  Chlorine  method 
of  water  disinfection.  Chlorine  gas  is  pumped  into  steel 
cylinders  and  liquified  by  pressure.  When  so  prepared 
the  gaseous  or  liquid  chlorine  will  analyze  99%  or  more  of 
“available  chlorine.”  Cylinders  are  connected  to  special 
reducing  valves  and  gauges  and  the  chlorine  is  fed  to  the 
water  under  treatment  usually  in  the  form  of  a solution  pre- 
pared by  discharging  the  gas  (the  liquid  chlorine  becomes 
gaseous  chlorine  as  it  passes  from  the  higher  to  the  lower 
pressure)  into  an  absorption  tower.  This  is  filled  with  some 
substance  which  will  not  be  attacked  by  the  chlorine  and 
will  present  considerable  surface  for  absorption  of  the  chlo- 
rine by  a stream  of  water  which  flows  down  through  the 
absorption  tower. 

Liquid  chlorine  treatment  is  replacing  hypo  because 
usually  it  is  cheaper,  it  is  more  efficient,  its  regulation  and 
adjustment  can  be  more  easily  and  quickly  accomplished 
than  with  hypo,  the  reaction  is  more  rapid  and  less  af- 
fected by  low  temperatures  of  water  and  there  is  less  op- 
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portunity  for  tastes  and  odors  resulting  from  liquid  chlo- 
rine than  from  hypo  treatment.  In  short,  it  seems  to  possess 
all  of  the  advantages  and  only  a few  of  the  disadvantages 
of  hypo  treatment.  Philadelphia,  Brooklyn,  Wilmington, 
Niagara  Falls,  Oklahoma  City  and  a large  number  of  other 
cities  have  already  adopted  this,  newly  developed  and  newly 
perfected  method  of  water  disinfection.  The  Bubbly  Creek 
filter  plant  at  Chicago,  the  first  to  use  hypo,  has  recently 
discarded  hypo  in  favor  of  liquid  chlorine. 

Ozone  is  a gas.  It  is  represented  by  the  symbol  Os, 
that  is,  it  is  a molecule  of  Oxygen  to  which  is  attached  an 
extra  atom  of  Oxygen,  which  however,  is  only  loosely  held. 
Ozone  is  produced  by  electrical  discharges  through  the  at- 
mosphere. To  obtain  the  best  results,  the  water  must  first 
be  freed  of  suspended  matter,  preferably  by  filtration. 
Ozone  is  an  oxidizing  agent  as  are  also  hypo  and  liquid 
chlorine.  It  is  more  expensive  to  install  and  to  operate  than 
either  of  these  and  up  to  the  present  time,  has  not  been 
reduced  to  a practical  working  basis  in  this  country  although 
it  is  said  that  there  are  several  plants  in  successful  opera- 
tion in  Europe. 

Ultra-violet  ray  disinfection  is.  accomplished  by  expos- 
ing water  to  the  action  of  the  ultra-violet  rays  produced  by 
specially  constructed  lamps  immersed  in  the  water  to  be 
treated.  These  rays  are  strongly  germicidal.  However, 
the  penetrating  powers  of  these  rays  are  limited  so  that  it 
is  absolutely  necessary  that  the  water  be  free  from  sus- 
pended matter  and  have  a color  not  exceeding  15  to  20 
parts  per  million.  It  is  therefore  evident  that  in  order  to 
produce  reliable  results,  the  water  must  first  be  filtered.  As 
with  ozone,  this  treatment  is  somewhat  expensive  to  install 
and  to  operate,  compared  with  hypo  and  liquid  chlorine. 
Likewise,  it  has  not  been  placed  on  a practical  working 
basis  in  this  country,  although  as  claimed  for  ozone,  there 
are  numerous  successful  operating  plants  in  Europe. 

Thus  it  is  seen  that  when  the  work  to  be  done  by  filtra- 
tion and  other  water  purification  processes  became  unduly 
heavy  and  the  results  at  times  questionable  and  unreliable, 
finishing  processes  were  developed  to  relieve  this  extra  task 
and  so  ensure  reliable  results  at  all  times.  Although  all 
Typhoid  Fever  is  not  caused  by  polluted  water,  neverthe- 
less most  of  the  cases  are  caused  by  water.  One  of  the  best 
evidences  of  the  efficiency  of  these  finishing  processes  is 
the  continued  annual  reduction  in  the  Typhoid  Fever  death 
rates  of  the  cities  using  such  processes. 
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RECENT  CONTROL  REQUIREMENTS  FOR 
ELECTRIC  VEHICLES 

By  W.  H.  Holder,  E.  E.,  ’05 

The  manner  of  providing  for  the  speed  control  of  the 
motor  in  electric  vehicles  is  of  vital  importance  to  the  car 
driver  that  he  may  have  quick  and  dependable  response ; to 
the  passengers,  that  the  acceleration  may  be  smooth;  and 
to  the  one  who  pays  for  maintenance  that  the  outfit  may  be 
efficient.  The  life  of  the  controller  contacts  and  the  ab- 
sence of  trappy  construction  enter  into  the  problem  of  speed 
control.  Mileage  is  also  increased  by  the  elimination  of  I2R 
losses  in  the  controller  and  in  the  series  resistances  which 
may  form  a part  of  it. 

Practically  all  of  the  motors  used  at  present  on  electric 
vehicles  are  of  the  series  type  with  the  series  field  winding 
in  two  sections.  The  battery  on  the  car  may  either  be  pro- 
vided, permanently  connected  up  as  one  group  of  cells,  or  it 
may  be  divided  into  two  equal  groups. 

For  the  simpler  type  of  speed  control  an  extensively 
used  drum  type  construction  has  been  designed  which  gives 
speeds  as  follows : 

Single  Voltage  Control 

1st.  Field  sections  connected  in  series — two  s-ections  of  series 
resistance. 

2nd.  Field  sections  connected  in  series — one  section  of  series 
resistance. 

3rd.  Field  sections  connected  in  series — no  resistance  in  circuit. 
4th.  Field  sections  connected  in  parallel — shunting  resistance 
across  fields. 

With  this  controller  the  shunting  resistance,  which  is 
used  for  weakening  the  field,  takes  very  little  energy  and  its 
use  for  moderate  speed  increase  is  considered  good  practice. 
However,  considerable  energy  is  wasted  in  the  PR  heat  de- 
veloped in  the  series  resistance  which  is  used  on  the  first 
two  running  speeds ; since  the  driver  will  necessarily  run  for 
a considerable  portion  of  the  time  on  one  or  the  other  of 
these  low  speeds. 
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The  demand  for  better  efficiency,  longer  mileage  and 
the  elimination  of-  series  resistances  has  brought  forth  an- 
other type  of  controller  which  is  usually  built  in  drum  form 
as  follows : 

Double  Voltage  Control 

1st.  Battery  sections  connected  in  parallel — field  sections  in 
series. 

2nd.  Battery  sections  connected  in  parallel — field  sections  in 
parallel. 

3rd.  Battery  sections  connected  in  series — field  sections  in  series. 
4th.  Battery  sections  connected  in  series — field  sections  in 
parallel. 

With  the  above  combination  of  circuits  it  will  be  noted 
that  each  one  forms  an  efficient  running  point;  there  being 
no  loss  due  to  resistance  and  at  the  same  time  an  equally 
wide  range  of  speed  control  is  obtained.  The  absence  of 
resistance  increases  the  mileage  appreciably  and  allows 
maximum  torque  to  be  obtained  on  first  point. 

One  of  the  chief  advantages  of  this  double  voltage 
scheme  of  control  is  in  the  elimination  of  series  resistance, 
used  with  the  single  voltage  controllers,  which  gives  the 
driver  a great  deal  of  trouble.  This  resistance  burns  out 
with  annoying  regularity  when  the  operator  runs  the  car  for 
several  miles  on  the  low  speeds.  It  might  be  thought  that 
resistance  of  sufficient  capacity  for  all  emergencies  could  be 
used  but  if  this  be  designed  it  will  be  found  that  the  exces- 
sive weight  and  bulk  make  is  absolutely  prohibitive  on  pleas- 
ure cars  at  least,  and  therefore  it  is  very  frequently  found 
that  this  resistance  burns  out,  getting  red  hot  or  even  in 
some  cases  setting  the  car  on  fire.  With  the  double  voltage 
control  system  one  can  operate  on  the  lowest  speed  for  any 
length  of  time,  not  only  without  troubles  from  burnouts  but 
he  is  running  under  efficient  conditions.  The  resistance  used 
with  single  voltage  control  is  designed  for  intermittent  duty 
and  is  intended  primarily  for  acceleration  speeds  and  not 
for  continuous  running. 

Tests  made  on  the  same  car  under  the  same  conditions 
of  road,  stops  and  speeds,  total  length  of  run  being  approxi- 
mately 55  miles  in  each  case  and  stops  being  made  uniformly 
five  times  per  mile  resulted  in  the  following  data : 

Average  watt  hours  per  car  mile  with  single  voltage  control — 244 
Average  watt  hours  per  car  mile  with  double  voltage  control — 208 
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of  17.3  percent  more  energy  consumed  by  the  single  volt- 
age control  for  the  same  amount  of  work  done.  For  these 
reasons  it  is  becoming  very  frequent  to  install  double  voltage 
control  where  possible. 

In  commutating  battery  connections,  that  is,  in  chang- 
ing from  sections  in  parallel  to  the  sections  connected  in 
series,  many  control  schemes  allow  the  power  circuit  to  be 
broken.  With  this  type  of  controller  if  the  operator  does 
not  throw  the  control  lever  from  the  running  point  where 
batteries  are  in  parallel  very  accurately  to  the  next  point, 
where  the  batteries  are  connected  in  series,  the  power  circuit 
will  be  opened  giving  an  unpleasant  sensation  and  often 
causing  some  embarrassment  to  the  operator.  In  the  down 
town  traffic  where  automobiles  are  being  hustled  across  the 
street  by  the  traffic  man,  cars  have  been  seen  with  this  type 
of  control,  in  which  the  lady  operator  started  her  car  and 
pushed  the  control  lever  hesitatingly  to  the  point  where  the 
power  supply  was  cut  off  and  her  car  stopped,  but  at  the 
wave  of  the  policeman  the  lever  was  inched  further  and  the 
car  would  suddenly  shoot  forward  necessitating  a great  deal 
of  skill  to  prevent  an  accident.  This  excess  starting  current 
is  also  abusive  to  battery  and  motor. 

To  overcome  this  trouble  recourse  is  taken  to  some  sort 
of  transition  resistance  to  prevent  short  circuiting  of  the 
batteries  while  they  are  being  commutated  without  cutting 
off  the  power.  It  might  be  stated  that  as  to  the  necessity 
of  a battery  transition  resistance,  there  has  been  developed 
by  one  concern  at  least,  a sufficiently  accurate  star-wheel  or 
notching  device  which  really  prevents  the  operator  from 
pausing  between  points.  This  at  least  is  the  claim,  but  it 
is  the  writers’  opinion  that  a star-wheel  device  of  sufficiently 
pronounced  notching  to  obtain  this  result  would  be  entirely 
too  tiresome  to  operate.  The  ordinary  control  lever,  par- 
ticularly for  ladies’  use,  should  have  a star-wheel  effect  only 
sufficient  to  guide  one  to  running  points  and  not  one  strong 
enough  to  actually  throw  the  control  lever  from  the  dead 
center  when  operating  it. 

The  transition  resistance  can  be  worked  out  quite  easily 
on  the  drum ; the  principle  being  to  connect  a resistance  in 
shunt  with  the  two  sections  of  the  battery  while  they  are  in 
parallel,  then  open  the  parallel  connections  for  the  batteries 
(not  disconnecting  from  motor)  leaving  the  two  sections 
and  the  resistance  in  series,  and  afterward  shorting  out  the 
transition  resistance. 
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Similarly  the  circuit  should  not  be  broken  when  chang- 
ing from  field  sections  in  series  to  field  sections  in  parallel. 
Transition  resistances  of  the  same  nature  are  frequently 
used  for  this  purpose,  but  since  it  is  possible  to  short  circuit 
a section  of  the  series  field  without  damage,  there  is  a pref- 
erable scheme  which  is  worked  out  as  follows.  Have  the 
two  sections  in  series ; first  short  out  one  of  the  field  sections 
which  leaves  the  remaining  one  active,  then  open  the  circuit 
of  the  section  which  is  shorted  out  (without  opening  the 
line  supply  to  the  active  section),  then  connect  this  first  sec- 
tion so  that  it  will  be  in  parallel  with  the  active  one. 

It  has  been  found  that  further  sub-division  of  the  bat- 
tery groups  to  obtain  an  additional  number  of  speeds  is  not 
practical,  on  account  of  the  complication  of  the  controller 
and  the  additional  wiring  required  between  controller  and 
battery.  These  items  increase  the  cost  of  production — the 
extra  leads  introduce  a fixed  I2R  loss  and  further,  the 
speeds  obtainable  with  but  two  groups  give  smooth  accelera- 
tion and  (for  the  average  maximum  speed  of  20  miles  per 
hour)  sufficient  speed  points. 

As  a further  development  of  this  same  scheme  of  double 
voltage  control  there  has  been  developed  a full  magnetic 
type  of  control  which  consists  of  a series  of  magnetically 
operated  contactors.  These  switches  are  controlled  from  a 
small  master  controller  which  is  mounted  directly  on  the 
steering  lever  and  is  so  small  that  it  may  be  enclosed  by  the 
hand.  The  advantages  of  this  magnetic  scheme  are  in  gen- 
eral ; that  it  is  nicer  to  operate,  particularly  for  a lady ; in- 
stead of  having  two  levers  to  operate  there  is  but  one,  the 
steering  lever;  the  master  controller  having  an  entirely  dif- 
ferent motion  and  is  therefore  not  as  likely  to  be  confused 
with  the  steering  lever.  A quick  snappy  action  of  the  con- 
tactors equipped  with  magnetic  blow-outs,  reduces  the  arc- 
ing and  deterioration  of  contacts  to  a minimum.  It  is  easier 
to  operate  this  small  master  than  to  drive  a drum  controller 
through  all  of  the  bell  cranks  and  against  the  star-wheel 
action,  with  which  most  cars  are  equipped  and  even  the 
battery  transition  resistance  may  be  eliminated  since  the 
batteries  may  be  changed  from  parallel  to  series  connections 
by  the  operation  of  a single  magnetic  switch  which  operates 
so  quickly  that  the  momentary  opening  of  the  power  circuit 
cannot  be  noticed  by  the  operator. 

In  combination  with  the  hand  master  controller  a foot 
operated  master  may  also  be  used ; the  preferable  arrange- 
ment being  to  use  the  hand  master  primarily  as  a speed  set- 
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ting  device  and  to  connect  the  foot  master  so  that  when  the 
foot  is  removed  from  it  the  car  will  accelerate  up  to  the 
speed  as  determined  by  the  setting  of  the  hand  master  only, 
but  the  speed  may  be  lowered  by  pushing  the  foot  master 
and  the  car  stopped  when  it  is  fully  depressed.  This  scheme 
is  very  desirable  in  crowded  traffic  for  quick  and  frequent 
stops  and  starts. 

4 In  addition  to  the  regular  functions  of  acceleration, 
speed  control  and  reversing  obtained  with  the  full  magnetic 
controller  and  its  master,  provision  may  be  made  for  dy- 
namic braking.  A push  button  is  added  to  the  master  which 
operates  to  close  a contactor  connecting  a resistance  in  series 
with  the  motor  armature  and  the  fields  after  power  is  cut 
oft  so  that  if  the  car  speed  is  about  six  miles  per  hour  or 
higher  a current  is  generated  by  the  motor  thus  producing 
an  electrical  braking.  This  is  used  regularly  as  a service 
brake  instead  of  the  foot  brake  and  a mechanical  foot  brake 
is  used  only  for  an  emergency  quick  stop.  A magnetically 
operated  disc  brake  is  also  used  by  some  manufacturers ; this 
being  operated  also  by  closing  its  electrical  circuit  in  the 
master  controller.  This  may  be  used  to  serve  the  same  pur- 
pose as  the  dynamic  braking. 

The  character  of  the  dynamic  braking  when  applied  is 
to  give  a peak  at  the  start,  followed  by  a rapidly  decreasing 
retarding  effect  as  the  speed  lowers  owing  to  the  lower  elec- 
tromotive force  developed  in  the  armature,  whereas  with  the 
magnetic  disc  brake  the  braking  effort  is  least  at  the  initial 
application,  increasing  as  the  speed  decreases  on  account  of 
the  increasing  coefficient  of  friction  at  lower  speeds. 

In  one  make  of  car  both  types  of  electrically  controlled 
braking  is  used.  The  dynamic  is  first  applied  and  if  not 
sufficient  (on  account  of  low  speed)  the  magnetic  disc  brake 
is  also  used.  The  combination  of  the  two  applied  simultane- 
ously when  properly  designed  gives  an  ideal  retarding  effect 
of  practically  uniform  value  from  high  to  low  speed;  the 
weakening  of  the  dynamic  braking  at  lower  speeds  being 
equalized  to  a considerable  extent  by  the  increasing  value  of 
the  disc  brake  effect. 
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A FEW  NOTES  ON  SAFETY  FIRST 

By  John  D.  Ong,  Ch.,  ’13 

Engaged  in  Accident  Prevention  Work, 
with  The  National  Malleable  Castings  Co.,  Chicago. 

The  Safety  First  movement  has  grown  so  remarkably 
fast  and  vigorously  within  the  last  three  years,  that  it 
would  be  folly  to  attempt  to  touch  all  sides  of  the  subject 
in  an  article  of  this  length.  The  writer  will  mention  only  a 
few  general  points  bearing  on  accident  prevention  and  then 
cite  some  of  the  measures  adopted  by  one  company  in  its 
safety  first  work. 

Almost  all  large  industrial  establishments  have  taken 
up  the  movement  and  the  smaller  ones  are  following.  The 
result  is  that  serious  and  fatal  accidents,  and  occupational 
diseases  are  now  almost  unknown  in  some  lines  of  work, 
where  such  occurrences  were  common  only  a few  years  ago. 
Other  plants  have  materially  reduced  the  number  of  serious 
and  fatal  accidents.  This  reduction  in  the  number  of  in- 
juries has  been  brought  about  by:  first,  co-operation  of  the 
men  “higher  up”  with  the  Safety  First  movement;  second, 
education  of  the  employees  regarding  safety;  third,  safe- 
guarding machines  as  well  as  the  workmen. 

Men  as  a rule  resent  being  driven.  Even  the  unedu- 
cated, foreign  laborer  doesn’t  enjoy  it.  The  probabilities 
are  that  if  a man  is  ordered  to  take  a precaution,  the  reason 
for  which  he  doesn’t  understand,  he  will  do  it  but  he  will 
not  feel  right  about  it.  The  first  chance  he  gets  or  as  soon 
as  he  thinks  the  “boss”  isn’t  looking,  he  will  do  it  his  way 
and  disregard  the  precaution  altogether.  Especially  is  this 
true  when  Safety  First  work  is  being  started.  The  man  in 
charge  must  be  thoroughly  in  sympathy  with  the  movement. 
He  must  understand  how  to  handle  men  and  be  able,  by 
what  he  says  and  how  he  acts,  to  gain  the  good  will  and  con- 
fidence of  the  men.  It  is  the  employer’s  duty,  to  bring  the 
employee  to  see  that  the  chief  reason  for  installing  safety 
methods,  is  for  his,  the  employee’s  advantage.  This  is 
one  kind  of  work  employees  cannot  be  driven  into — they 
must  be  led.  For  example,  a foreman  cannot  give  his  men 
goggles  and  say:  “Wear  these  during  working  hours,”  and 
expect  the  men  to  wear  them  without  complaint  if  he  works 
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around  without  wearing  them  himself.  The  men  will  find  a 
dozen  objectionable  features  in  a very  short  time.  The  fore- 
man must  practice  as  he  preaches  and  take  the  same  precau- 
tions he  asks  the  men  to  take. 

Very  closely  connected  to  the  co-operation  of  the  men- 
in-charge  of  the  Safety  First  work,  is  that  of  the  education 
of*  the  workmen.  Again,  using  the  example  cited  above,  if 
the  foreman  wears  the  goggles  for  a week  before  asking  the 
men  and  explains  why  they  are  asked  to  wear  goggles,  point- 
ing out  the  danger  and  risks  taken  by  not  protecting  their 
eyes,  then  he  will  get  satisfactory  results.  The  men  are 
skeptical  at  first  as  to  the  motive  of  the  company  and  as 
to  the  advantage  of  wearing  goggles.  They  should  not  be 
pushed  into  it  too  hurriedly.  Employees  should  be  taught 
to  recognize  the  danger  and  risk  they  take  of  working  un- 
protected ; of  working  with  unprotected  machines ; of  work- 
ing with  careless  men,  who  do  not  do  their  work  in  a safe 
way ; of  being  careless  themselves ; of  ignoring  signs,  bulle- 
tins and  suggestions  of  safety  offered  by  the  company.  They 
must  be  educated  to  think,  feel  and  live  “Safety  First.” 

If  the  men  are  not  moved  by  the  proper  spirit,  all  the 
safeguards  on  machines  and  all  the  protectors  given  the 
men  will  not  materially  reduce  the  number  of  accidents.  If 
the  workman  doesn’t  like  the  guard  provided,  he  will  do  his 
utmost  to  show  up  the  disadvantages  and  weak  points  of  that 
guard.  It  is  not  so  much  a question  of  making  machines 
“foolproof,”  as  it  is  to  prevent  the  men  from  taking  chances. 
The  education  of  the  workman  is,  in  the  writer’s  opinion, 
the  most  important  thing  of  all  in  accident  prevention  work. 

Different  plants  inaugurate  and  carry  on  their  safety 
work  along  several  different  lines ; one  company  believes  it 
can  best  attain  results  by  placing  it  in  the  hands  of  a com- 
mittee of  workmen ; another  will  have  a workmen’s  com- 
mittee meet  and  discuss  the  work  with  some  of  the  men  in 
charge  of  the  plant;  another  will  depend  on  the  superin- 
tendent, foremen  and  bosses  to  carry  on  the  movement.  Some 
companies  offer  prizes  to  the  workmen  who  submit  prac- 
tical safeguards  or  safer  methods  for  doing  a certain  piece 
of  work ; other  concerns  object  to  giving  prizes  or  money  for 
suggestions,  and  many  plants  rely  on  the  men  to  obey  the 
notices,  warnings  and  bulletins  which  appear  from  time  to 
time  on  the  bulletin  boards  in  the  yards  and  buildings.  Each 
method  has  its  good  points  and  it  is  very  much  a matter  of 
local  conditions  which  will  be  the  most  effective  in  any  one 
plant. 
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To  give  an  idea  of  what  The  National  Malleable  Cast- 
ings Company  is  doing  for  its  men,  a few  of  the  precautions 
taken  to  prevent  accidents  will  be  indicated.  Proceeding 
on  the  belief  that  a disabled  or  unhealthy  employee  is  dan- 
gerous to  his  healthy  and  physically  able  fellow  worker,  all 
men  are  given  a physical  examination  on  entering  the  em- 
ploy of  the  company.  It  is  determined  if  the  applicant’s 
sight,  hearing  and  heart  action  are  good,  if  he  has  any  phy- 
sical deformities,  such  as  flat  foot,  hernia,  missing  fingers, 
impaired  use  of  either  hands  or  legs,  old  sores  or  wounds. 
The  company  does  not  expect  perfect  men,  but  it  does  want 
sound  men.  The  applicant  is  questioned  concerning  his 
knowledge  of  the  work  he  is  to  do,  especially  what  his  course 
of  action  would  be  in  case  of  accident.  The  employee  is 
urgently  requested  to  report  to  the  doctor’s  office  every  time 
he  meets  with  an  accident,  no  matter  how  slight  the  scratch 
or  how  trivial  the  cut  or  burn.  Failure  to  report  the  acci- 
dent may  be  sufficient  cause  for  laying  off  or  discharging  the 
employee.  ' 

All  goggles,  hand  leathers,  leggings  and  knuckle  guards 
mentioned  later  in  this  article  are  sold  to  the  men  at  cost 
price,  are  repaired,  replaced  or  improved  free  of  charge. 
When  the  man  leaves  the  employ  of  the  company  he  is  re- 
funded the  original  cost  of  them.  Molder’s  shoes  are  sold 
at  cost,  but  are  not  repaired  or  replaced. 

If  the  new  man  be  a molder,  he  is  fitted  with  a pair  of 
light  goggles,  a canvas  legging,  which  protects  the  leg  near- 
est the  hand  ladle  when  pouring-off,  and  a pair  of  molder’s 
shoes,  for  no  lace  or  button  shoes  are  permitted  on  account 
of  the  danger  of  melted  iron  lodging  in  the  shoe  lacing  with 
the  resultant  burns.  The  legging  extends  from  a few  inches 
above  the  knee  to  the  ankle,  covering  the  top  of  the  shoe,  so  ' 
that  there  is  no  place  for  iron  to  lodge.  All  men  working 
around  melting  furnaces  at  pouring-off  time  are  required  to 
wear  goggles,  for  it  was  formerly  found  that  there  were 
frequent  eye  injuries  due  to  spattering  when  the  melted  iron 
struck  a “green”  ladle,  or  wet  mold  weight.  A foundry 
laborer,  who  shakes  out  molds,  shifts  mold  weights  and  han- 
dles pig  iron  and  sprue,  is  provided  with  hand  leathers. 
These  are  a sort  of  crude  leather  glove  especially  designed 
to  protect  the  ends  of  the  fingers,  and  prevent  hot  sand  from 
burning  the  wrist.  Wheelers  and  truckers  are  provided  with 
handleathers  and  goggles.  Outside  of  the  foundry  all  work- 
men must  wear  goggles  during  working  hours.  Molders  and 
molders’  helpers  are  required  to  wear  goggles  only  while 
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pouring-off.  As  in  the  case  of  not  reporting  accidents, 
failure  to  wear  goggles  may  mean,  suspension  of  the  em- 
ployee. 

Men  in  the  trimming  room,  who  handle  only  the  smaller 
castings  are  provided  with  knuckle  guards  of  leather.  Trim- 
ming room  men  as  well  as  those  working  in  the  straighten- 
ing and  fitting  departments  are  provided  with  goggles  hav- 
ing a light,  fine-mesh  wire  gauze  at  the  sides  of  the  lenses, 
to  prevent  chips  from  striking  the  eyes  from  the  sides. 
Grinders  who  must  work  close  together  are  also  fitted  with 
this  style  of  goggle.  Workmen  in  the  annealing,  rolling, 
slag  and  sprue,  machine,  carpenter  and  pattern  departments 
are  fitted  with  a light  weight  plain  goggle  similar  to  the 
style  used  in  the  foundry.  Employees  in  the  machine,  car- 
penter and  pattern  shops  are  required  to  wear  their  goggles 
only  on  certain  kinds  of  work. 

Eye  injuries  have  been  reduced  from  an  average  of  20 
to  2 or  3 a month.  Where  formerly  there  were  many  seri- 
ous eye  accidents,  the  present  ones  are  only  minor  eye  in- 
juries. When  the  9/64-inch  thick  lens  of  the  chippers’  and 
trimmers’  goggles  are  broken  by  a chip  or  test  lug,  and  the 
eye  is  found  to  be  uninjured,  the  advantage  of  wearing  gog- 
gles will  be  recognized. 

Belts,  which  are  in  any  way  close  to  or  which  are  liable 
to  be  brushed  into  by  workmen,  are  guarded.  Gears  are 
covered  wherever  there  is  a possibility  of  an  employee  get- 
ting a finger  caught.  Irregular  lathe  chucks  are  covered. 
Emery  wheels  are  covered  almost  entirely  by  an  iron  guard 
and  where  the  nature  of  the  work  permits,  a small  glass 
guard  is  placed  between  the  operator’s  face  and  the  work, 
allowing  the  man  to  see  his  work,  but  which  prevents 
sparks  from  flying  into  his  face  and  eyes.  Two  emery 
wheels  are  mounted  on  each  machine  and  a canvas  guard 
between  the  two  wheels  prevents  the  sparks  of  one  wheel 
from  striking  the  workman  at  the  adjacent  wheel.  Where 
two  machines  are  close  together,  a canvas  guard  is  placed 
between  machines.  The  eye  accidents  in  the  grinding  de- 
partment have  dropped  about  90  per  cent,  since  the  instal- 
lation of  these  guards  and  wearing  of  goggles  by  the  men. 

Drop  hammers,  air  hoists,  chain  tackles,  traveling  cranes 
and  elevators  are  inspected  daily,  to  make  sure  that  they  are 
in  a safe  working  condition.  Drop  hammers  are  provided 
with  a safety  device  which  prevents  hammer  from  dropping 
if  hammer  release  is  accidentally  tripped.  Wheelbarrow 
handles  are  equipped  with  knuckle  guards,  which  prevent 
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injury  to  workmen’s  hands  while  passing  through  swinging 
doors  or  along  passageways.  Chisels  of  all  kinds  are  in- 
spected regularly  for  “mushroomed”  heads ; if  any  are  found 
they  are  ground  or  taken  to  the  blacksmith  shop  for  rehead- 
ing. Hammers  are  inspected  to  see  that  the  faces  are  not 
chipped  and  under  size. 

Bulletin  boards  are  placed  at  the  main  gates.  Bulletins, 
some  of  which  are  furnished  by  the  National  Council  for 
Inlustrial  Safety,  are  changed  weekly.  A pair  of  broken 
goggles  are  generally  placed  in  the  bulletin  board  with  a 
short  note  attached,  stating  how  the  accident  occurred  and 
that  the  goggles  probably  saved  an  eye. 

Accidents  occur  even  with  all  the  precautions  that  are 
being  taken,  but  the  attendant  in  the  doctor’s  office  isn’t 
nearly  so  busy  as  he  was  18  months  ago.  A practicing  phy- 
sician attends  to  the  more  serious  cases  daily.  Doctors’ 
and  hospital  bills  are  paid  by  the  company.  Of  course,  it 
costs  quite  a little  to  look  after  the  health  of  the  men,  to  in- 
stall and  maintain  the  safeguards  on  machines  and  the  pro- 
tectors given  to  the  men,  but  it  most  certainly  pays.  It 
makes  the  employee  feel  that  the  company  is  doing  what  it 
can  to  protect  him  from  injury.  It  gives  him  a contented 
feeling  and  he  will  do  better  work,  work  more  earnestly  and 
efficiently  if  he  is  provided  with  a safe  place  to  do  his  work. 
When  a new  man  begins  his  work  he  doesn’t  see  why  it  is 
insisted  that  he  take  so  many  precautions.  He  is  tempted  to 
laugh  at  and  ignore  the  Safety  First  policy,  but  he  soon 
learns  that  it  pays  to  be  on  the  safe  side. 

The  plants  <pf  the  National  Malleable  Castings  Company 
are  not  the  safest  ones  to  work  in  by  far,  but  they  are  con- 
tinually trying  to  improve  and  increase  the  number  of  safety 
devices  and  to  remedy  dangerous  operations.  The  success 
in  getting  the  men,  mostly  foreigners,  to  participate  in  this 
Safety  First  work,  has  been  due,  largely  to  the  way  in  which 
the  matter  has  been  up  to  the  men,  and  to  the  interest  which 
the  officials  have  shown  at  all  times  and  the  personality  they 
have  put  into  it.  May  the  good  work  go  on. 
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THE  CONSTRUCTION  OF  LOCKS  AND  DAMS  ON 
THE  OHIO  RIVER 

By  F.  A.  Irick,  C.  E.,  ’ii 

With  a view  to  obtaining  a navigable  depth  of  nine  feet 
throughout  the  entire  length  of  the  Ohio  River,  congress,  in 
the  river  and  harbor  act,  approved  June  25,  1910,  adopted 
a project  for  its  complete  canalization  by  a system  of  locks 
and  dams.  The  project  included  the  construction  of  54  locks 
and  dams  at  an  estimated  cost  of  about  $1,180,000  each,  and 
it  was  required  that  the  work  be  completed  in  12  years. 

The  boats  used  on  the  Ohio  River  are  of  light  draft 
and  of  the  usual  river  type,  the  packet  and  tow  boats  hav- 
ing drafts  of  from  two  to  six  feet.  The  packet  trade  in 
recent  years  is  but  a small  per  cent,  of  what  it  was  before 
the  day  of  railroads.  This  is  due  largely  to  the  fact  that  it 
is  possible  to  depend  on  a river  stage  sufficient  to  transport 
a boat  of  even  two  foot  draft  but  a short  time  during  the 
year.  The  greater  part  of  the  present  traffic  is  coal  and  iron 
products  from  the  Pittsburg  district  to  lower  Ohio  and  Mis- 
sissippi River  and  gulf  points.  The  loaded  steel  and  coal 
boats  require  for  their  transportation  about  a ten  foot  stage 
which  seldom  is  maintained  but  a short  time  between  the 
months  of  June  and  December;  and  during  the  winter 
months,  when  usually  the  stage  is  sufficient  for  transporta- 
tion, much  of  the  time  the  channel  is  obstructed  by  ice. 
When  the  entire  project  is  completed  there  will  be  main- 
tained throughout  all  seasons  of  the  year  a minimum  channel 
depth  of  nine  feet,  and  transportation  will  be  interrupted 
only  by  ice  and  extreme  high  water  of  the  winter  and  spring 
months. 

The  Ohio  River  is  967  miles  in  length.  Originally  the 
proposed  system  required  54  locks  and  dams  numbered  con- 
secutively 1 to  54  from  Pittsburg  to  Cairo,  but  by  some 
re-locations  in  the  lower  river  lock  and  dam  number  42,  was 
cut  out,  leaving  a total  of  53.  The  minimum  and  maximum 
distances  between  any  two  locks  and  dams’  is  1.9  miles  and 
50.4  miles,  respectively.  In  the  upper  483  miles  of  river 
there  are  37  locks  and  dams  and  16  in  the  lower  483  miles, 
these  varying  distances  being  due  to  the  natural  channel 
differences  between  the  upper  and  lower  parts  of  the  river. 
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The  locks  of  the  entire  system  are  of  the  same  size,  100 
feet  by  600  feet,  and  constructed  on  the  same  general  plan. 
They  are  placed  so  that  the  land  wall  is  at  the  foot  of  the 
bank  nearer  the  natural  river  channel.  The  lift  is  between 
6 and  9 feet  in  all  cases,  except  lock  number  1 which  is  3 
feet,  and  lock  number  41  in  the  Louisville  and  Portland 
canal  which  is  28.2  feet,  and  lock  number  54,  which  is  12 
fe'et.  Both  the  river  and  land  walls  of  the  locks  are  built  of 
plain  concrete,  the  land  wall  extending  600  feet  above  the 
upper  end  of  the  lock  and  600  feet  below  the  lower  end 
of  the  lock  to  serve  as  a guide  on  entering  the  lock  chamber 
and  protecting  the  channel  from  the  bank  erosion.  The 
river  wall  contains  the  valves  that  fill  and  empty  the  lock, 
also  on  the  outside  of  the  river  wall  at  the  center  of  the 
chamber  is  built  in  a small  turbine  pit  in  which  is  installed 
a turbine  that  furnishes  power  to  open  and  close  the  gates 
and  valves. 

The  lock  gates  being  used  are  of  the  rolling  and  miter 
types.  Due  to  the  width  of  the  lock  and  low  lift  and  also  a 
saving  in  length  of  the  lock  walls  it  was  at  first  thought 
more  economical  to  use  the  rolling  type,  but  due  to  the  cost 
of  keeping  this  type  in  repair  and  difficulties  of  operating 
when  not  in  perfect  condition  the  miter  type  is  being  used 
in  the  later  designs. 

The  dams  are  all  of  the  movable  type,  that  is,  they  fold 
down  in  the  bed  of  the  river  when  the  stage  is  sufficient  to 
give  a nine  foot  channel  depth,  and  do  not  have  any  effect 
on  the  stage  when  this  condition  exists.  They  extend  across 
the  river  at  right  angles  to  the  river  wall  at  the 'center  of  the 
lock  chambers  in  all  cases  except  at  the  Louisville  and  Port- 
land canal.  The  typical  dam,  in  the  upper  river,  is  made  up 
of  a navigable  pass,  bear  traps,  and  chanoine  weir,  in  the 
lower  river  the  bear  traps  are  omitted  and  where  the  river 
is  wide  a section  of  fixed  weir  is  added  next  to  the  bank 
opposite  the  lock  chamber.  The  navigable  pass  in  all  cases 
is  between  600  feet  and  800  feet  in  length  and  is  made  up 
of  chanoine  wickets  which  in  all  cases  are  between  the 
lengths  of  12  feet  and  18  feet.  The  elevation  of  the  pass 
sill  is  near  the  elevation  of  the  normal  river  bed.  The  stand- 
ard bear  trap  is  in  two  sections  each  91  feet  in  length  sepa- 
rated by  piers,  the  sill  being  near  the  same  elevation  as  the 
pass  sill.  They  are  of  the  two  and  three  leaf  type,  the  two 
leaf  type  being  found  to  give  the  more  satisfactory  results. 
The.  principle  use  of  the  bear  traps  is  to  hold  the  proper 
head  during  the  raising  and  lowering  of  the  chanoine  wick- 
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ets,  the  rises  being  more  gradual  in  the  lower  river,  their 
use  is  found  to  be  unnecessary.  The  chanoine  weir  differs 
only  from  the  navigable  pass  in  that  the  sill  is  about  5 feet 
higher  and  the  wickets  correspondingly  shorter.  The  fixed 
weir  is  built  of  plain  concrete  and  corresponds  in  section  to 
the  usual  fixed  dam. 

Where  practicable1  the  foundations  for  the  lock  walls 
and  dam  are  laid  on  solid  rock,  and  where  sand,  gravel,  and 
earth  extend  to  great  depths  the  foundations  ar‘e  entirely 
on  piles,  protected  by  sheet  piles  and  riprap.  Practically  all 
of  the  masonry  work  is  plain  concrete. 

The  lock  gates  and  valves  are  operated  by  compressed 
air  supplied  from  storage  tanks  housed  in  a brick  power 
house  on  top  of  the  bank  near  the  lock  chamber.  The  com- 
pressed air  is  furnished  from  the  turbine  in  the  pit  on  the 
outside  of  the  river  wall  or  from  the  auxiliary  steam  plant 
installed  in  the  power  house. 

A lock  keeper  is  stationed  at  each  of  the  completed 
dams.  He  has  under  his  charge  a force  of  men  sufficient  for 
operating  the  lock  gates,  raising  and  lowering  the  wickets, 
maintenance  and  general  repairs.  Lockages  are  made  at  all 
times  free  of  charge  for  any  passing  boat.  The  employees 
are  given  quarters  in  permanent  houses,  2 to  4 in  number, 
which  have  been  constructed  and  are  maintained  by  the 
government  for  this  purpose. 

In  most  cases  the  construction  of  a lock  and  dam  is  let 
in  one  general  contract  except  some  of  the  movable  parts 
and  machinery.  In  some  cases  contractors  have  either  re- 
fused to  bid  or  their  bids  have  been  excessive,  due  to  the 
unreliability  of  the  seasons  and  character  of  the  foundation 
material,  in  which  case  the  government  is  doing  the  work  by 
hired  labor.  The  construction  season  is  variable  usually 
being  from  June  to  December  with  occasional  freshets  which 
always  entail  a loss  of  time  and  often  great  losses  of  ma- 
terial and  uncompleted  work.  The  average  time  of  con- 
struction is  four  years. 

Beginning  at  the  source  of  the  Ohio  46  miles  of  the 
project  have  been  completed,  and  when  all  work  is, done 
that  is  now  under  construction  202  miles  will  be  completed, 
and  when  the  entire  project  is  completed  there  will  be  open 
to  traffic  967  miles  of  river  with  a minimum  channel  depth 
of  9 feet. 

Lock  and  dams  numbers  1,  2,  3,  4,  5,  6,  7,  8,  11,  13,  18, 
19,  24,  36,  37  and  41  are  constructed,  numbers  9,  10,  12,  14, 
15,  16,  1 7,  20,  26,  28,  29,  31,  35,  39,  43  and  48  are  under 
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construction  and  numbers  21,  22,  23,  25,  27,  30,  32,  33,  34, 
38,  40,  44,  45,  46,  47,  49,  50,  51,  52,  S3,  and  54  are  to  be 
constructed.  Lock  number  41  in  the  Louisville  and  Port- 
land canal  was  constructed  80  feet  wide;  it  is  at  present 
being  widened  to  no  feet. 

Lock  and  dams  numbers  1 to  10,  inclusive,  are  being 
constructed  from  the  United  States  Engineer’s  office  at  Pitts- 
burg; numbers  n to  30,  inclusive,  from  the  United  States 
Engineer's  office  at  Wheeling;  numbers  31  to  40,  inclusive, 
from  the  United  States  Engineer’s  office  at  Cincinnati ; num- 
bers 41  to  54,  inclusive,  from  the  United  States  Engineer’s 
office  at  Louisville. 
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THE  FALL  CREEK  BOULEVARD 

By  A.  A.  Smock,  C.  E.,  ’12 

Fall  Creek  is  a tributary  of  White  River  into  which  it 
flows  at  a point  about  one  and  one-half  miles  northwest  of 
the  center  of  Indianapolis.  It  is  from  one  hundred  to  one 
hundred  and  fifty  feet  wide  on  an  average  at  low  water, 
although  it,  of  course,  widens  out  at  numerous  places.  Ex- 
cept for  a few  deep  holes  in  its  bed  where  gravel  has  been 
excavated,  it  is  very  shallow  and  has  numerous  sand  bars 
along  its  course. 

It  enters  the  City  of  Indianapolis  at  a point  near  the 
northeast  city  limits  and  flows  southward  and  westward 
through  the  city,  for  about  six  miles,  approximately  half  of 
which  is  through  desirable  residence  district. 

The  creek  bed  has  shifted  toward  the  south  in  the  past, 
and  along  practically  its  entire  southern  side  there  is  a well 
defined  bank  varying  from  ten  to  twenty  feet  in  height. 
The  northern  bank  as  a rule  is  quite  low  and  there  is  a strip 
of  low  ground  all  along  this  bank  that  is  subject  to  overflow 
when  the  creek  rises  abnormally,  as  it  does  every  few  years. 

The  Board  of  Park  Commissioners  of  the  City  of  In- 
dianapolis have  full  control  of  the  stream  and  its  banks,  and 
a system  of  boulevards  on  both  sides  of  the  stream  is  being 
worked  out.  These  boulevards  are  a great  benefit  in  more 
ways  than  one.  Primarily,  they  protect  the  adjacent  prop- 
erty, as  the  roadways  are  built  upon  embankments  high 
enough  to  withstand  any  flood  likely  to  occur.  These  em- 
bankments are  laid  out  carefully,  in  long  graceful  curves  and 
in  some  places  they  are  two  hundred  feet  from  the  water 
line,  leaving  a space  between  the  driveway  and  the  water 
for  a park.  Several  sections  of  the  boulevard  have  been 
completed  for  a number  of  years  and  they  have  increased  the 
appearance  of  the  neighborhood  very  much.  They  are  lined 
with  fine  residences,  apartments  and  other  high  class  build- 
ings, which  would  never  have  been  built  along  an  unsightly 
creek  bank.  Other  sections  of  the  system  have  been  partly 
completed  by  the  erection  of  the  embankment  and  the  build- 
ing of  temporary  gravel  drives,  to  be  replaced  later  with 
pavement  or  macadam  surfaces.  These  sections,  offering  as 
they  do,  a safe  protection  from  high  water,  have  given  rise 
to  the  building  of  countless  homes  upon  ground  which  was 
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formerly  left  alone  because  it  was  low  and  subject  to  over- 
flow. 

The  last  two  sections  of  the  north  drive  are  now  being 
built.  One  begins  at  the  Fairgrounds  bridge  at  Thirty-eighth 
Street  and  runs  southwest  to  Thirtieth  Street.  From  this 
point  to  Northwestern  Avenue,  about  two  miles,  the  drive 
is  complete.  From  Northwestern  Avenue,  west  to  the  Big 
Four  Railroad,  is  a section  twenty-six  hundred  feet  long  that 
is  being  constructed  under  the  writer’s  supervision. 

- This  section  is  through  a part  of  the  city  that  has  never 
been  considered  valuable.  The  ground  for  some  distance 
north  of  the  creek  is  very  low  and  has  been  used  as  a dump- 
ing ground  for  many  years..  The  embankment  varies  in 
height  from  five  to  sixteen  feet,  and  when  completed  will  be 
from  two  to  four  feet  above  the  high  water  mark  of  the 
1913  flood.  The  embankment  is  eighty-five  feet  wide,  with 
a slope  of  four  or  five  to  one  on  the  stream  side,  and  natural 
slope  on  the  property  side.  The  four  to  one  slope  is  com- 
posed of  whatever  soil  was  obtainable,  to  provide  for  future 
planting  of  trees  and  shrubbery. 

There  are  two  distinct  steps  in  the  construction  of  the 
embankment.  The  first  step  is  the  formation  of  the  four 
to  one  slope  with  a top  width  of  about  five  feet,  using  all  the 
soil  that  is  on  the  ground  in  the  lines  of  the  boulevard.  The 
second  step  is  the  gradual  widening  of  the  tap  of  the  fill  to 
its  final  width  of  eighty-five  feet,  using  gravel  which  is 
taken  from  the  creek  bed.  The  excavation  of  this  gravel 
thus  straightens  and  deepens  the  channel  of  the  creek.  The 
design  calls  for  a waterway  of  about  four  thousand  square 
feet  below  the  high  water  mark. 

The  excavation  required  to  widen  and  deepen  the  chan- 
nel is  nearly  two  hundred  thousand  yards,  about  one-half  of 
which  is  used  in  the  embankment,  the  remainder  becoming 
the  property  of  the  contractor  at  a stipulated  price.  As  it 
is  nearly  all  fine  sand  and  gravel,  it  is  washed  and  prepared 
for  the  local  street  and  building  work. 

Work  was  commenced  in  August,  1913,  and  the  four 
to  one  slope  of  soil  was  completed  by  January  1,  1914.  The 
remainder  of  the  embankment  was  complete  by  May  1st,  and 
since  then  the  entire  output  of  the  excavator  has  gone  into 
the  gravel  plant.  The  excavating  is  done  with  a Monighan 
drag-line  excavator,  a large  machine  consisting  of  an  upper 
rotating  part  mounted  on  wheels  which  revolve  on  an  eight- 
een foot  circular  track.  The  base  is  twenty-four  feet  square 
and  rests  on  rollers  and  heavy  planks.  The  boom  is  sixty 
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feet  long  and  the  bucket  is  of  the  Page  type  scraper  bucket, 
two  cubic  yards  capacity.  This  machine  travels  ahead  of 
its  work,  instead  of  behind  it  like  a steam  shovel  does.  It 
was  erected  at  one  end  of  the  boulevard  and  the  first  thing 
done  was  to  strip  off  all  the  soil  it  could  reach  and  dump  it 
in  the  four  to  one  slope  on  the  stream  side  of  the  embank- 
ment. The  excavation  was  at  the  average  of  four  or  five 
hundred  yards  per  shift.  The  machine  moved  forward 
thirty  to  fifty  yards  per  day,  according  to  the  height  of  the 
fill,  leaving  behind  it  an  irregular  ditch  from  which  the 
earth  was  taken  and  a regular  pile  of  earth  in  its  final  place. 
Then  the  machine  was  moved  over  to  the  water’s  edge  pre- 
paratory to  removing  a sand  bar.  This  bar  was  about  three 
hundred  feet  across  and  roughly  circular.  The  water  flowed 
around  it,  making  an  island  of  it.  The  machine  was  grad- 
ually worked  down  to  the  water’s  edge,  where  it  dug  for 
itself  enough  earth  to  make  a fill  wide  enough  and  high 
enough  for  it  to  run  upon.  Following  the  machine  came  a 
track  gang,  laying  three  foot  track  along  the  top  of  the  soil 
previously  thrown  up,  and  when  the  excavator  was  in  posi- 
tion to  begin  the  removal  of  the  sand  bar,  two  dinky  loco- 
motives, each  with  six  two-yard  cars  were  used.  The  bucket 
on  the  machine  just  fills  one  car,  and  it  was  found  that  two 
engines  could  keep  the  machine  busy  under  ordinary  condi- 
tions. A train  of  six  cars  is  filled  in  about  ten  minutes  as 
an  average,  and  in  the  three  or  four  minutes  delay  while  one 
train  gets  away  and  the  other  one  gets  in  place  for  loading, 
the  operator  of  the  machine  must  excavate  and  throw  ahead 
enough  material  that  the  ground  men  can  level  up  and  lay 
their  planking  ready  for  the  next  forward  move  of  the  ma- 
chine. It  is  necessary  to  plan  ahead  in  using  these  excavat- 
ors, for  they  cannot  turn  in  a small  space,  and  considerable 
difficulty  was  experienced  in  working  out  the  manner  of  the 
cuts  back  and  forth  of  this  sand  bar.  One  great  advantage 
of  this  machine  is  its  ability  to  make  its  own  fill,  hence  it  can 
go  almost  any  place.  On  this  job  it  has  filled  its  way  across 
the  creek  four  times,  two  times  when  the  entire  creek  was 
dammed  up,  and  it  was  necessary  to  move  about  thirty  feet 
and  then  reach  out  behind  and  remove  the  fill  to  let  the  water 
through,  using  the  material  thus  removed  to  lengthen  the  fill 
ahead. 

While  removing  this  sand  bar,  the  dump  track  was  about 
eighteen  hundred  feet  long,  and  was  continuous  except  for 
one  switch.  The  track  ran  along  the  top  of  the  embankment 
and  had  a switch  located  so  there  would  be  a two  per  cent. 
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grade  down  to  the  level  of  the  ground  at  the  machine.  This 
machine  was  then  at  the  extreme  end  of  the  work,  and  as 
the  work  progressed  it  was  necessary  to  take  up  track,  finally 
when  the  bar  was  entirely  removed  the  excavator  moved 
along  the  bank  of  the  creek,  cleaning  up  behind  itself  and 
leaving  a comparatively  smooth  bank  which  required  only  a 
little  hand  trimming. 

At  one  point  in  the  work  was  the  double  outlet  of  two 
concrete  storm  sewers.  This  was  an  unsightly  structure. 
On  account  of  the  low  grade  of  the  sewers  and  the  surround- 
ing territory,  the  flow  lines  were  only  a foot  or  so  above  low 


water,  and  the  tops  projected  out  of  ground  nearly  ten  feet. 
It  was  decided  to  submerge  the  outlets  of  these  sewers  and 
the  excavator  was  used  to  remove  about  fifty  feet  of  the 
concrete.  The  scraper  bucket  was  taken  off  and  a fifteen 
hundred  pound  drop  hammer  put  on  to  break  up  the  con- 
crete. The  immense  power  of  the  engines  was  very  useful 
in  handling  the  broken  concrete.  After  the  sewers  were 
demolished,  the  bucket  was  put  back,  the  machine  reached 
out  behind  itself,  dug  enough  dirt  to  fill  in  the  holes  where 
the  sewers  had  been,  and  passed  on. 

From  this  point  for  the  remaining  twelve  or  fifteen  hun- 
dred feet,  the  boulevard  was  from  one  to  three  hundred  feet 
from  the  bed  of  the  stream,  and  all  the  intervening  material 
was  to  be  removed,  in  order  to  widen  the  creek.  It  was 
deemed  advisable  to  also  clean  up  the  part  of  the  channel 
where  the  water  was  running,  at  an  average  depth  of  about 
three  feet.  The  width  of  the  water  was  about  one  hundred 
feet,  so  it  was  necessary  to  work  the  machine  out  into  the 
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creejc  forty  feet,  so  the  bucket  could  reach  to  the  further 
side  of  the  stream.  The  dump  track  was  relaid  and  the 
switch  placed  at  the  east  end  on  top,  from  which  the  track 
ran  west  down  a one  and  one-half  per  cent,  grade  for  eight 
hundred  feet,  where  another  switch  was  placed,  the  track 
again  running  east  to  the  machine,  which  was  about  two  feet 
above  the  .wafer  level.  The  track  was  floated,  that  is,  tem- 
porary, and  moved  daily,  to  keep  it  always  the  proper  dis- 
tance from  the  machine,  which  was  steadily  moving  up- 
stream, making  its  own  fill  and  cleaning  up  the  channel  to 
the  side  and  rear  for  a total  width  of  about  one  hundred 
feet.  After  moving  forward  about  eight  hundred  feet,  it 
was  again  necessary  to  cross  the  creek  to  clean  out  a sand 
bar,  after  which  the  machine  came  back  on  a second  cut 
through.  A third  cut  will  be  required  to  finish  the  work. 

The  operation  of  the  work  is  carried  on  by  three  dis- 
tinct gangs — the  machine  men,  dinky  men,  and  dump  gang. 
The  machine  is  operated  by  one  engineer  and  a fireman,  with 
two  ground  men.  There  are  two  men  used  at  the  point 
where  cars  are  loaded  to  clean  up  the  gravel  that  spills  out 
of  the  bucket.  There  are  two  dinkies  with  an  engineer  and 
brakeman,  and  six  men  as  a rule  in  the  dump  gang.  In 
addition  there  are  two  men  who  are  kept  busy  on  track 
work,  repairing,  tamping,  straightening,  etc.,  two  teams 
hauling  coal  and  supplies,  a blacksmith  and  helper  repair- 
ing cars,  the  breakage  of  which  is  very  great,  a foreman  and 
a timekeeper  are  always  on  the  work.  Since  the  embank- 
ment was  completed  and  the  surplus  gravel  has  become  the 
property  of  the  contractor,  there  have  been  about  six  men 
employed  on  the  gravel  plant.  All  the  foregoing  work  was 
carried  on  day  and  night  until  January  1,  1915,  when  the 
extreme  cold  weather  caused  so  much  delay  that  it  was 
deemed  advisable  to  shut  down  for  a short  time. 

The  contract  is  one  that  will  result  in  unusual  economy 
to  the  Park  Board,  as  the  contractor  is  required  to  furnish 
all  material  and  labor  and  the  necessary  machinery,  and  is 
paid  the  actual  cost  plus  a percentage  with  a fixed  limit  as 
to  the  unit  cost.  All  surplus  gravel  is  paid  for  by  him,  and 
this  one  item  will  repay  the  Park  Board  nearly  one-third  of 
the  contract  amount. 
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NOTES  ON  THE  CONSTRUCTION  OF  A 48-INCH  RE- 
INFORCED CONCRETE  SEWER 

By  Albert  A.  Chenoweth,  C.  E.,  ’15 
Jr.  W.  S.  E. 

The  city  of  Muskogee,  Oklahoma,  had  at  the  time  of 
the  construction  of  its  main  outfall  sewer  a population  of 
about  30,000.  The  town  is  so  situated  that  the  drainage 
is  easily  accomplished.  About  three-fourths  of  the  area  within 
the  city  limits  slopes  directly  south  towards  Coody’s  Creek, 
the  remainder  falling  off  toward  the  northeast.  Coody’s 
Creek,  a small  stream  having  its  source  in  the  southwest 
part  of  the  town  was  being  used  to  provide  a means  of 
sewage  disposal.  As  the  population  was  rapidly  increasing 
the  need  of  an  outfall  sewer  was  recognized,  one  that  would 
carry  the  sewage  entirely  away  from  the  city,  at  least  as 
far  as  the  Arkansas  River,  a distance  of  seven  miles.  Mr. 
Alexander  Potter,  of  New  York,  who  was  retained  as  engi- 
neer finished  the  plans  in  May,  1911,  at  which  time  the  con- 
tract was  let,  for  10.63  miles  of  sewer,  varying  from  48" 
to  18"  in  diameter,  the  pipes  to  be  of  concrete  and  vitrified 
tile. 

The  job  was  well  under  way  by  the  first  of  June.  The 
writer  was  employed  as  resident  engineer  on  the  four  sec- 
tions to  be  built  of  48''  reinforced  concrete  pipe,  a total 
length  of  20,700  feet.  The  making  of  such  an  amount  of 
reinforced  concrete  pipe  at  an  average  distance  of  six  miles 
from  a railroad  involved  transportation  questions  of  some 
magnitude.  Other  branches  of  municipal  and  private  con- 
struction commanded  all  available  teams,  since  the  larger 
amount  of  such  work  was  in  the  city  itself.  To  offset  this 
the  contractor  decided  to  use  a steam  tractor,  which  could 
easily  haul  six  3-yard  cars.  This  train  made  three  6-mile- 
average  trips  in  an  eight  hour  day,  a total  of  36  miles  over 
ungraded  earth  roads.  Usually  cement,  sand  and  gravel 
were  hauled  in  about  the  proportions  to  be  used  each  day, 
thus  enabling  the  contractor  to  keep  his  pipe  making  gang 
at  work  steadily.  The  cement  was  tested  by  the  City  chemist 
according  to  standard  specifications,  he  reporting  the  re- 
sult of  the  seven  day  test  to  the  contractor,  the  engineer 
and  the  City  Engineer’s  office  simultaneously.  The  forms 
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used  were  patented,  their  cost  being  payment  of  a royalty 
of  $1.20  per  lineal  foot  of  finished  work.  Only  150'  were 
available,  necessitating  a careful  watch  that  the  contractor, 
in  his  zeal  to  push  the  work  ahead,  should  not  remove  the 
forms  too  soon,  thus  risking  the  safety  of  the  pipe.  Under 
the  warm  southern  sun,  the  minimum  time  of  removal  was 
five  hours,  allowing  the  pouring  of  about  270'  of  pipe  each 
eight  hour  day.  A 1:6  mixture  was  used,  always  made  very 
wet,  so  that  it  could  be  churned  well,  thus  giving  against  the 
oiled  steel  forms  a very  smooth  finish.  The  oil  used  per- 
mitted of  easy  and  safe  removal  of  the  forms.  The  rein- 
forcement used  was  a standard  mesh,  circumferential 
bars,  tied  together  at  3"  intervals  with  No.  14  wire.  A great 
deal  of  trouble  was  experienced  in  making  the  laborers  keep 
the  reinforcement  in  place,  but  after  some  time  a few  men 
learned  to  do  it  very  well.  In  freezing  weather  the  dan- 
ger of  frosted  concrete  arose.  To  obviate  this  a crude  oil 
lamp  was  kept  burning  in  each  pipe  for  30  hours  after  pour- 
ing, and  in  addition  large  brush  fires  were  kept  burning 
throughout  the  pipe  yard.  The  water  used  in  mixing  was 
also  heated,  but  in  spite  of  these  precautions  some  of  the 
pipes  showed  marks  of  frost.  Those  so  marked  were  found 
to  be  fairly  sound  when  examined  the  next  spring  after  a 
winter  above  ground.  The  pipe  making  by  great  effort  was 
kept  ahead  of  the  trenching,  which  on  account  of  the  soil 
encountered  was  not  done  very  rapidly. 

The  heavier  work  of  trench  excavation  was  done  by  a 
Marion  shovel,  mounted  on  four  trussed  beams,  which  were 
carried  on  rollers  on  either  bank  of  the  trench.  It  was  pos- 
sible to  dig  a maximum  of  17'  with  this  machine,  and  in 
case  slightly  greater  depth  was  required  the  remainder  was 
thrown  ahead  with  hand  shovels  into  the  face  of  the  cut- 
ting. Excessive  vibration  under  the  action  of  the  shovel 
loosened  the  earth  of  the  trench  walls  and  necessitated  care- 
ful bracing  in  material  that  would  probably  otherwise  have 
required  none.  The  work  under  the  shovel  was  braced  as 
shown  in  Fig.  2.  Quite  the  largest  amount  of  the  sewer  lay 
at  a less  depth  than  the  most  economical  working  depth  for 
the  shovel,  so  a Municipal  Excavator  was  used  in  addition. 
This  machine  cut  a regular,  smooth-sided  trench,  66"  wide. 
Its  most  economical  depth  was  9'  while  the  shovel  did  best 
in  a 15'  trench.  The  trench  dug  by  the  excavator  in  general 
required  but  very  little  bracing;  the  pipe  laying  also  fol- 
lowed closely,  the  bottom  of  the  ditch  being  well  graded  by 
the  machine. 
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The  greatest  difficulty  found  in  laying  the  pipe  was  in 
trying  to  get  a reasonably  smooth  joint.  After  a few  hun- 
dred feet  had  been  laboriously  tamped  into  a firm  bearing, 
the  suggestion  of  a 2"x  12"  plank  to  be  laid  continuously 
in  the  bottom  of  the  trench  on  the  centre-line  was  eagerly 
adopted  and  worked  wonders  in  saving  labor  and  securing 
better  joints.  The  trench  in  all  cases  was  excavated  to  a 
square  bottom.  This  made  necessary  very  careful  watch- 
ing to  prevent  a chance  of  the  failure  of  the  pipe  to  carry 
its  load  of  back-filled  earth,  through  a lack  of  solid  sup- 
port in  its  lower  half.  The  sewer  was  laid’  on  a grillage  of 
specially  shaped  heavy  timbers  in  soft  wet  ground  or  in  cuts 
of  less  than  four  feet,  the  amount  of  the  latter  being  some 
400'.  It  was  in  the  shallow  trench  that  the  men  worked  up 
their  greatest  speed;  416'  being  by  long  odds  the  best  eight 
hours’  work. 

Wages  paid  were  as  high  and  in  certain  cases  higher 
than  in  the  city,  both  to  the  laborers  and  foremen,  yet  the 
job  was  nearly  always  short-handed,  and  a change  of  fore- 
man for  a gang  was  as  likely  to  come  each  month  as  not. 
Under  such  conditions  the  work  slowly  forged  ahead,  reach- 
ing completion  before  a year  had  passed. 
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ROPE  TRANSMISSION 

By  E.  M.  Carver,  M.  E.,  ’09 

The  following  brief  discussion  of  rope  transmission  is 
no  way  intended  to  be  an  exhaustive  or  adequate  treatise 
on  this  very  interesting  subject,  yet  many  engineers  well 
versed  in  other  types  of  drives  have  a signally  limited  amount 
of  information  concerning  the  extension  and  scope  of  rope 
driving.  The  writer  has  thought  that  the  description  of  a 
few  typical  drives  would  prove  of  interest  and  possibly  give 
the  uninitiated  an  insight  into  the  almost  universal  manner 
in  which  this  very  flexible  type  of  transmission  is  applicable, 
not  only  to  the  conditions  of  perfect  simplicity,  but  also  to 
the  requirements  of  the  most  intricate  and  complicated 
character. 

The  introduction  of  ropes  for  the  mechanical  transmis- 
sion of  power  is  commonly  accredited  to  C.  F.  Hirn,  of 
Logleback  on  the  Rhine,  who  in  1852  conceived  the  idea 
that  by  converting  power  into  the  highest  practicable  velocity 
of  the  transmitting  organ,  the  size  and  weight  of  that  organ 
might  be  reduced  to  minimum  dimensions,  and  its  length 
therefore  extended  indefinitely,  its  velocity  being  reconverted 
into  power  at  the  operative  point. 

The  adaptability  of  ropes  to  do  the  work  of  belts,  with- 
out the  limitations  of  the  latter,  was  soon  recognized  and  in 
England  they  immediately  began  to  be  applied  for  main 
drives  as  substitutes  for  very  heavy,  long,  and  expensive 
belts.  By  the  multiplication  of  single  rope  belts  running 
in  grooved  wheels,  larger  powers  may  be  delivered,  but  the 
aggregation  of  single  ropes  carries  limitations  which  con- 
fine its  usefulness  to  comparatively  narrow  bounds.  It  is 
impossible  to  secure  uniform  length  for  several  independent 
ropes  since  the  stretch  cannot  be  controlled  and  it  is  imprac- 
ticable to  apply  tension  devices  separately  to  a number  of 
ropes  running  so  close  together.  Hence  to  obtain  adhesion 
to  the  wheels  and  thereby  secure  tractive  force  it  becomes 
necessary  to  use  large  heavy  ropes  in  pinch  grooves  which 
must  be  deep  and  spaced  far  apart  to  prevent  the  ropes  from 
jumping  and  fouling  each  other. 

The  principal  advantage  of  the  English  system  is  that 
although  one  or  two  of  the  ropes  may  break  it  does  not 
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materially  affect  the  drive,  yet  when  these  loops  are  re- 
placed, the  new  rope  rides  higher  in  the  pinch  groove,  since 
the  old  ropes  having  been’  under  working  strain  are  worn 
and  have  been  stretched  to  a smaller  diameter.  In  drives 
where  the  sheaves  are  of  unequal  diameter  this  condition 
causes  a differential  of  pitch  diameters  which  is  certain  to 
cause  a change  of  speed  and  slippage  in  the  grooves.  There- 
fore, for  the  successful  installation  of  an  English  drive  it 
is  essential  that  the  driving  and  driven  shafts  shall  both  be 
horizontal,  not  far  from  the  same  level,  and  at  a considera- 
ble distance  apart.  Under  these  favorable  conditions  the 
English  system  is  efficient  and  economical,  but  its  applica- 
tion is  limited  for  obvious  reasons. 

This  in  brief  was  the  condition  of  power  transmission 
by  ropes  in  1883,  when  Wallace  H.  Dodge,  founder  of  the 
Dodge  Manufacturing  Company,  proposed  to  employ  a sin- 
gle endless  rope  in  multiple  wraps,  and  to  apply  thereto  a 
proper  tension  device ; and  thus  at  one  stroke  overcome  the 
former  limitations  and  make  the  rope  drive  universally  ap- 
plicable for  all  transmission  purposes,  regardless  of  distance 
and  direction.  This  later  type  of  drive  is  called  the  Ameri- 
can system,  one  continuous  endless  rope  is  used,  winding 
around  the  sheaves  successively  in  the  several  grooves,  mak- 
ing as  many  complete  wraps  as  may  be  required  by  the  power 
transmitted.  From  the  last  groove  on  the  driving  sheave 
the  rope  passes  over  single-groove  tension  and  winder  idlers 
which  combine  to  give  the  rope  fair  lead  to  the  first  groove 
of  the  driven  and  also  to  control  and  regulate  the  tension 
in  the  ropes  throughout  the  drive.  The  weighted  tension 
carriage  can  be  made  to  give  just  the  right  amount  of  ten- 
sion which  may  be  required  to  accommodate  changing  con- 
ditions by  manipulation  of  the  weights  used. 

Thus  rope  driving  passed  through  its  experimental 
stage  and  in  1885  when  the  American  system  was  patented, 
drives  of  this  type  soon  made  their  appearance,  as  in  its 
new  perfected  form,  all  haphazard  elements  had  been  elimi- 
nated and  it  was  possible  to  intelligently  design  a drive  suit- 
able for  the  work  it  had  to  do. 

Designers  of  rope  drives  early  discovered  that  it  was 
absolutely  necessary  to  give  especial  attention  to  sheaves  in 
regard  to  diameters,  groove  forms,  accuracy,  balance  and 
true  running. 

Rope  wear  is  greatly  increased  by  the  use  of  small 
sheaves.  The  frequent  bending  and  then  straightening  of 
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the  rope,  in  running  onto  the  sheaves  and  off  again,  is  a 
continuous  performance,  and  excessive  degrees  of  such 
bending  must  be  avoided  if  the  rope  is  to  have  a fair  length 
of  life.  THe  wear  of  the  rope  is  both  internal  and  external. 
The  internal  is  caused  by  the  sliding  movement  of  the  fibres 
on  each  other  while  bending  around  the  sheaves,  the  ex- 
ternal by  the  slippage  in  the  grooves  of  the  sheaves.  This 
wearing  is  assumed  to  be  directly  proportional  to  the  speed. 
Moderate  bending  is  not  particularly  injurious,  but  beyond 
certain  limits  the  action  grows  rapidly  worse.  Experience 
has  proven  that  good  Manila  transmission  rope  may  be  satis- 
factorily worked  on  sheaves  with  diameters  as  small  as  40 
times  the  rope  diameter,  but  the  durability  of  the  rope  will 
be  increased  if  50  or  60  diameter  sheaves  are  used. 

The  60  degree  groove  is  used  for  the  driving  and  driven 
sheaves  in  the  American  system  and  while  being  efficient  in 
operation,  it  gives  at  the  same  time  a minimum  of  rim  width 
and  thickness  which  means  economy  of  space  and  provides 
a light  and  inexpensive  sheave.  Idler  sheaves  have  U 
grooves  if  the  ropes  have  sufficient  arc  of  contact  to  insure 
no  slippage.  In  the  U groove  the  bottom  radius  is  made  the 
same  as  the  rope  itself ; this  holds  the  rope  central  and  allows 
the  rope  to  enter  and  leave  the  sheave  free  and  clear,  without 
chafing. 

Especial  attention  in  regard  to  accuracy  and  uniformity 
of  all  grooves  is  absolutely  essential  to  perfect  success.  The 
pitch  diameter  must  be  exactly  the  same  for  each  groove 
as  the  slightest  differential  will  produce  variation  in  the  rope 
speed  and  cause  change  of  tension  or  slippage  which  will 
immediately  be  reflected  in  the  operation  of  the  drive  and 
produce  undue  wear  on  the  rope. 

The  breaking  strain  of  first-class  Manila  transmission 
rope  may  be  taken  as  9000  x dia.2  and  for  continuous  service, 
practice  has  shown  that  to  give  long  life  it  is  not  advisable 
to  work  the  rope  with  a tension  of  over  V50  or  2%  of  the 

breaking  strain,  therefore,  9000  0 , . 

dia.2  = 180  dia.2  which  is 

50 

the  maximum  allowable  working  tension. 

There  is  quite  a difference  of  opinion  among  experts  as 
to  the  proper  method  of  figuring  the  H.  P.  of  ropes.  The 
differences  arise  over  the  question  of  centrifugal  force  and 
what  has  been  termed  “adhesive  tension.”  The  following 
formula  has  been  used  by  the  Dodge  Manufacturing  Com- 
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pany  for  several  years  and  experience  has  proven  it  to  be 
entirely  satisfactory  for  the  American  system: 

(T-Wv2)  V 
H.P.  — — 

Rg  33000 

T = Working  Tension  or  2%  of  Ultimate 
Strength. 

W = Weight  of  rope  per  ft.  = .34  D2 
D ggj  Dia.  of  rope  in  inches. 

R = Radius  of  sheave  in  feet, 
g — 32.2 

v = Velocity  in  feet  per  second. 

V = Velocity  in  feet  per  minute. 

9000  dia.2  = Ultimate  Strength. 

The  following  table  is  based  upon  the  above  formula 
all  sheave  diameters  being  40  diameters  of  the  rope. 


h gj 


Horse  Power  of  One  Rope  at  Different  Speeds  on  Sheaves  of 
Minimum  Advisable  Diameters 


PhQ 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

4500 

5000 

5500 

6000 

% 

30 

1.5 

3.0 

4.5 

5.8 

7.1 

8.1 

9.0 

9.7 

10.2 

10.4 

10.3 

9.8 

7s 

35 

2.1 

4.1 

6.1 

8.0 

9.7 

11.3 

12.6 

13.7 

14.5 

15.1 

15.2 

15.0 

1 

40 

2.7 

5.4 

8.0 

10.5 

12.8 

14.9 

16.8 

18.4 

19.7 

20.6 

21.1 

21.2 

iy8 

45 

3.4 

6.8 

10.2 

13.3 

16.3 

19.1 

21.6 

23.8 

25.6 

27.0 

28.0 

28.5 

iy4 

50 

4.3 

8.5 

12.6 

16.5 

20.3 

23.8 

27.0 

29.8 

32.3 

34.3 

35.8 

36.8 

1% 

55 

5.2 

10.2 

15.2 

20.0 

24.6 

29.0 

33.0 

36.6 

39.7 

42.4 

44.6 

46.1 

iy2 

60 

6.1 

12.2 

18.1 

23.9 

29.4 

34.6 

39.5 

43.9 

47.9 

51.3 

54.1 

56.2 

1% 

65 

7.2 

14.3 

21.3 

28.1 

34.7 

40.9 

46.7 

52.1 

56.9 

61.1 

64.7 

67.6 

1% 

70 

8.3 

16.6 

24.7 

32.7 

40.3 

47.6 

54.5 

60.8 

66.7 

71.9 

76.4 

80.1 

2 

80 

10.9 

21.7 

32.4 

42.8 

52.9 

62.6 

71.8 

80.4 

88.5 

95.7 

102.2 

107.8 
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Straight  open  drives  of  simple  design  are  admirably 
illustrated  in  Figs.  1,  2,  3,  4 and  5.  Fig.  1 shows  a 1000  H.  P. 
motor  drive  at  the  Niagara  Falls  Hyd.  P.  & M.  Company, 
Niagara,  Falls,  N.  Y. 


Fig.  1. 

Figs.  2 and  3 show  two  1500  H.  P.  drives  from  a 3000 
H.  P.  engine  at  the  Barrett  Manufacturing  Company,  Peoria, 
Illinois,  each  of  these  drives  having  25  wraps  of  2-inch  rope. 


Fig.  2 

3000  H.  P.  Engine  Showing  one  of  two  1,500  H.  P.  Rope  Drives. 
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Fig.  3. 

Plan  and  Elevation  of  Above  Drives. 


An  extremely  compact  drive  at  the  Diamond  Rubber 
Company’s  plant,  Akron,  Ohio,  is  shown  in  Fig.  4.  Note 
the  arrangement  of  the  tension  carriage,  it  being  placed  in 
the  basement. 
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The  Mechanical  Rubber  Company  of  Cleveland,  Ohio, 
also  have  a drive  (Fig.  5)  which  illustrates  the  short  center 
proposition  and  shows  how  the  tension  equipment  may  be 
located  at  any  convenient  point. 


Mechanical  Rubber  Co.,  Cleveland,  O. 


For  the  heavy  drives  it  is  often  desirable  to  mount  either 
the  driving  or  receiving  sheave  on  a clutch  quill  (Fig.  6). 
When  the  clutch  is  out  the  quill  rests  motionless  in  its  own 
bearings,  and  thus  all  transmission  losses  are  eliminated. 
This  arrangement  makes  a very  flexible  drive  and  as  the 
quill  takes  care  of  the  bending  stresses  due  to  the  tension 
in  the  ropes  and  the  weight  of  the  sheave,  the  shaft  need 
not  be  in  excess  of  that  required  to  transmit  the  power. 
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Fig. 


Fig.  6. 


A Typical  Quill  Unit  for  a Rope  Drive. 


Connecting  shafts  need  not  be  parallel  as  by  altering 
the  form  of  grooves  and  introducing  idlers,  it  is  possible  to 
accommodate  any  angle  or  difference  in  elevation  that  may 
be  encountered  (Figs.  7 and  8). 


Connecting  Two  Main  Lines  at  Right  Angles. 
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Connecting  Two  Line  Shafts  not  quite  Parallel. 


Transmission  of  power  to  detached  buildings  or  isolated 
shafts  may  readily  be  accomplished  as  shown  in  Figs.  9 
and  10. 


Fig.  9. 
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Fig.  11 


Reverse  Drive  for  Elevator  Counter  Shaft 
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Reversal  of  motion  is  taken  care  of  by  either  crossed 
ropes  or  by  the  use  of  reversing  idlers.  Figs,  il,  12  and  13 
show  typical  illustrations. 


Reversal  of  Motion  on  Short  Centers 


Drop-off  drives  from  a main  or  driving  shaft  to  receiv- 
ing shafts  on  the  several  floors  of  a building  are  shown  in 
Fig.  14.  These  drives  are  made  extremely  flexible  by  the 
use  of  clutches  on  each  shaft. 


Fig.  13 

Simple  and  Compact  Arrangement  of  a Drive 
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Fig.  15  illustrates  another  drop-off  drive  in  the  Arnold 
Print  Works,  North  Adams,  Mass. ; here  20  lines  are  driven 
from  the  main  driving  shaft,  in  relays  of  10  ropes  each. 
From  the  20  Gr.  main  driver  400  H.  P.  is  transmitted,  drop- 


ping off  one  wrap  at  each  of  the  first  nine  shafts ; 1 1 wraps 
drive  the  tenth  shaft,  which  is  the  relay  point  for  the  second 
drive  of  10  wraps  or  200  H.  P.  from  here  the  drop-off  con- 
tinues to  the  last  shaft  which  has  only  one  rope. 


1 

a a « t'K-yyo  6)  (')  1 

G)  O © 

II!"1!  I'M  ! 1 i i r!  1 rii  1 i 1 1 
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l 

Figr.  15. 


Each  Shaft  Driven  Directly  from  the  Main  or  Relay  Line. 
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ONE  PROBLEM  IN  THE  SCOTT-CONNECTXON  OF 
TRANSFORMERS 

By  E.  A.  Bureau,  E.  E.,  ’15 

(Note : — This  article  is  based  on  a thesis  prepared  by  B. 
N.  Das  Gupta,  ’14,  and  the  author,  with  the  assistance  and 
guidance  of  Professor  Rowell  of  the  School  of  Electrical 
Engineering.) 

When  it  is  desired  to  obtain  two  phase  power  from  a 
three  phase  source,  it  is  customary  to  use  the  Scott  scheme 


'wnnrr 

<—  440  V.  -» 

Phase  a. 


minr 

«-  440  v : -* 

Phase  1 


F/cj.  /.  Cc>/7trec//or?5  of  K iv.  J~r&/7S fc  rf7?ers . 

of  connecting  the  transformers.  Two  transformers  are 
used,  one  having  an  86.6%  tap  and  the  other  a 50%  tap,  the 
connections  being  made  as  shown  in  Fig.  1.  Fig.  2 shows 
the  vector  relation  of  the  supply  voltage  as  applied  to  the 
transformer  primaries,  the  dotted  lines  indicating  the  pri- 
maries. The  vector  relation  of  the  secondary  voltages  are 
shown  in  Fig.  3. 

Theoretically,  the  voltage  relations  shown  are  correct 
and  proper,  and  produce  the  desired  result.  Practically,  the 
scheme  does  not  always  work  so  well  under  load  conditions. 
A transformer  bank,  which  is  at  this  time  still  in  use  in  the 
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Purdue  Electrical  Engineering  Laboratory,  demonstrates 
very  well  this  failure  to  fulfill  theoretical  expectations.  This 
bank  consists  of  two  2.5  Kw.  transformers,  2200,  1900-440 
volts,  Scott-connected.  It  has  for  its  load  a motor  generator 
set  consisting  .of  a 5 hp.,  5.5  ampere,  Bullock  two  phase 
motor,  direct  connected  to  a Bullock  d.c.  generator.  This 
combination  has  never  been  satisfactory  because  of  the  bad 
unbalancing  of  voltages  in  the  two  secondary  phases.  Tests 
at  different  loads  brought  out  the  characteristics  shown  in 
Fig.  4.  (In  referring  to  Phase  1 and  Phase  2,  the  same 
notation  will  be  used  as  is  designated  in  Fig.  1.)  The  volt- 
age in  Phase  2 holds  up  very  well,  which  makes  the  resultant 
regulation  comparatively  small.  However,  in  Phase  1 there 
is  very  bad  regulation,  even  with  that  phase  taking  only 
60%  as  much  current  as  Phase  2. 


Poor  regulation  of  a transformer  means  essentially  a 
large  drop  of  voltage  in  the  transformer,  which  means  vol- 
tage loss  in  its  impedance.  This  impedance  drop  can  be 
resolved  into  two  components : one,  an  IR  drop  in  the  coil, 
in  phase  with  I ; and  the  other,  the  reactive  drop  at  right 
angles  to  I.  This  reactive  drop  consists  of  a counter  e.  m.  f. 
set  up  by  the  leakage  flux  of  the  transformer  coils — the 
flux  of  each  coil  which  does  not  link  any  other.  As  a test  of 
the  above  statements,  regular  impedance  measurements  were 
made  on  the  two  phases.  As  the  secondaries  were  short 
circuited  in  turn,  voltage  was  applied  to  the  primary  side, 
At  about  60%  full  load  current  an  impedance  drop  of  60 
volts  was  measured  on  Phase  2.  On  Phase  1,  for  the  same 
current,  the  impedance  drop  across  the  whole  phase  (points 
1,  2 to  3)  was  found  to  be  220  volts.  Only  38  volts  of  this 
drop  was  in  the  part  3-x.  The  large  balance  of  about  180 
volts  was  therefore  practically  all  leakage  reactance  drop, 
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since  only  about  6 volts  represented  the  equivalent  IR  drop 
of  the  transformer  as  tested. 

When  a current  is  sent  through  a coil,  a magnetic  field 
is  set  up ; and,  when  this  coil  surrounds  one  leg  of  a closed 
magnetic  circuit,  most  of  the  lines  of  force  are  concentrated 
in  the  iron.  However,  there  is  some  of  the  flux  which  takes 
a part  iron,  part  air  path.  This  is  known  as  leakage  flux, 
since  it  “leaks”  out  of  the  iron  path.  If  a second  coil  is 
placed  on  the  iron  core,  the  whole  constitutes  a transformer. 
The  coil  upon  which  the  voltage  is  applied,  is  called  the 


Fig.  4 


primary;  and  the  other,  the  secondary.  When  an  alternat- 
ing current  is  sent  through  the  primary,  an  electromotive 
force  is  generated  in  the  secondary;  and  this  e.m.f.  applied 
to  a load,  forces  through  the  secondary  a current  which, 
according  to  Tenz’s  law,  sets  up  a counter  m.m.f.  and  thus 
opposes  the  flow  of  flux  due  to  the  primary.  This  counter 
m.m.f.,  which  is  proportional  to  the  load,  produces  addi- 
tional leakage  of  flux  from  the  primary  coil  by  forcing  out, 
into  the  air  around  the  secondary,  part  of  the  flux  that  has 
threaded  the  iron  through  the  primary.  If  it  were  possible 
to  wind  the  two  coils  so  that  they  would  occupy  the  same 
space,  their  values  of  m.m.f.  would  be  coincident  through- 
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out  but  opposite,  giving,  as  a result,  no  net  leakage.  Thus 
the  leakage  reactance  becomes  a measure  of  the  magnetic 
separation  of  the  coils,  for  the  resultant  leakage  flux  is  de- 
pendent upon  the  distance  between  the  coils.  To  illustrate 
the  above  statements,  tests  were  made  on  three  different 
styles  of  transformers  in  order  to  determine  the  relation 
between  the  magnetic  separation  of  two  coils  and  the  amount 
of  leakage  flux.  These  transformers  were : a Moloney  core- 
type transformer  with  four  coils,  two  on  each  leg;  a Wood 
shell-type  transformer  with  sandwiched  coils;  and  a spe- 
cial design  Duncan  core-type  transformer  with  four  con- 
centric coils,  each  of  which  were  equally  distributed  about 


the  two  legs  of  the  transformer.  With  the  Moloney  trans- 
former it  was  found  that  between  coils  on  the  same  leg, 
with  full  load  current  in  the  coils,  the  leakage  reactance 
voltage  was  comparatively  small,  being  only  2'%  or  3%  of 
rated  voltage,  but  that  between  coils  on  different  legs  this 
value  increased  to  nearly  20%.  In  the  Wood  transformer 
a like  relation  was  found:  the  farther  apart  the  coils,  the 
greater  the  per  cent,  of  leakage  reactance.  The  leakage 
reactance  between  any  two  coils  did  not  exceed  5.8%,  and 
was  as  low  as  0.8%  for  coils  close  together.  On  the  Duncan 
transformer  equally  good  results  were  obtained.  In  this 
case  the  reactance  drops  varied  between  0.4%  and  2%,  be- 
ing directly  proportional  to  the  amount  of  magnetic  sepa- 
ration of  each  pair  of  coils  tested. 

Considering  again  the  results  of  the  tests  on  the  2.5 
Kw.  transformer  of  Phase  1,  with  the  primary  coils  con- 
nected as  in  normal  single  phase  operation,  the  impedance 


Fig.  5 


Fig  6 
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drop  is  only  5%  of  the  rated  voltage,  while  with  the  Scott 
connection  the  impedance  drop  is  nearly  25%  of  the  rated 
voltage.  In  view  of  what  has  been  said  in  the  preceding 
paragraphs  this  difference  of  impedance  drop  is  now  eas- 
ily explained.  In  normal  single  phase  operation  the  two 
parts  of  the  primary  are  acting  in  such  a way  that  the  m.m. 
fs.  generated  by  each  part  go  through  the  iron  circuit  in  the 
same  direction.  At  the  same  time  the  secondaries  are  placed 
comparatively  close  to  the  primary  coils,  thus  insuring  a 
fairly  close  magnetic  relation  between  the  interacting  coils. 
I11  the  Scott-connection  impedance  test  the  two  primary 
coils  are  energized  in  such  a way  that  the  m.m.fs.  of  the 


A 


2 


Fig.  7 Fig.  8 


two  primaries  buck  each  other.  Therefore  no  e.m.f  is  gen- 
erated in  the  secondaries  because  no  flux  passes  through 
the  iron  circuit.  However,  this  does  not  prevent  a large 
quantity  of  flux  from  passing  through  the  air  (Fig.  5)  and 
thus  causing  a high  reactance  voltage  drop.  In  the  actual 
operation  of  Phase  1 of  a Scott  connection  the  two  parts  of 
the  primary  are  energized,  not  by  currents  of  the  same  phase 
relation,  but  by  currents  of  120  degrees  separation.  The 
result  is  an  m.m.f.  vector  relation  in  the  iron  circuit,  as 
shown  in  Fig.  6.  The  vectors  a and  a'  represent  the  m.m.f. 
set  up  by  the  two  primary  coils  respectively;  b,  c and  b',  c' 
represent  the  corresponding  components.  The’  “in  phase” 
components  send  through  the  magnetic  circuit  that  flux 
which  generates  the  secondary  voltage.  Components  b and 
b',  like  the  m.m.fs.  in  the  impedance  test,  buck  each  other, 
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and  are  not  responsible  for  any  secondary  effects,  but  are 
the  cause  of  a large  amount  of  leakage  flux.  The  net  leak- 
age, thus,  is  practically  all  produced  by  the  components  b 
and  b',  since  the  leakage  reactance  drop,  due  to  components 
c and  c',  is  not  greater  than  5%  of  the  rated  voltage.  There- 
fore the  natural  conclusion  is  that,  in  order  to  diminish  the 
great  leakage  flux  produced  by  the  m.m.f.  components  b and 
b',  the  two  interacting  coils,  which  in  this  case  are  the  two 
parts  of  the  primary,  must  be  brought  into  close  magnetic 
relation. 

Since  the  primaries  of  the  shell-type  transformer  with 
sandwiched  coils  have  close  magnetic  relation,  this  trans- 
former is  a good  one  t q use  in  a Scott  connection.  Figs.  7 
and  8 show  two  ways  in  which  the  primaries  of  a core-type 
transformer  may  be  tapped  and  connected  to  give  the  prop- 
er magnetic  proximity  necessary  between  the  two  parts  of 
the  primary  circuit  in  Phase  1 of  a Scott  connection. 

In  general,  it  may  be  said  that  operating  a transformer 
under  conditions  which  are  not  normal,  may  give  rise  to  leak- 
age reactances  which  are  far  greater  than  are  popularly  sup- 
posed to  exist.  Therefore,  when  a transformer  is  expected 
to  be  used  in  special  service,  it  should  be  designed  with  sub- 
divided coils,  so  that  close  magnetic  relation  of  interacting 
coils  may  be  obtained. 
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WINTER  SURVEYING  IN  CANADA. 

By  A.  C.  Clarke 

The  systems  of  survey  in  Canada  and  in  the  United 
States  have  many  points  of  similarity.  The  general  layout 
of  lines  with  regard  to  convergence,  spacing,  and  correction 
and  the  astronomical  references  for  these  lines,  resemble 
each  other  closely  in  both  countries.  In  Canada,  however, 
several  unusual  features  are  encountered  in  the  field  work. 
The  writer  feels  that  perhaps  a general  description  of  the 
surveying  operations  as  carried  on  in  Canada  during  the 
winter  months  will  serve  to  point  out  some  of  these  distinc- 
tive features  and  will  at  the  same  time  furnish  some  idea 
of  the  work  that  is  done  and  the  manner  of  its  accomplish- 
ment during  a season  of  the  year  which  ordinarily  means 
inactivity  to  the  surveyor  in  this  country. 

First,  a brief  description  of  the  field  organization  of  the 
Canadian  Surveys  Department.  There  are  three  general 
divisions  of  the  field  engineers.  To  take  them  in  the  order 
of  their  work,  we  have  the  “base-line”  men,  the  “sub-divid- 
ers,” and  the  “resurvey  and  restoration”  surveyors.  The 
“base-line”  engineers,  as  the  name  implies,  are  responsible 
for  the  “precise”  work  of  the  system  and  it  is  their  especial 
care  to  produce,  with  all  accuracy,  the  reference  meridians 
and  the  connecting  base  lines  which  block  out  the  country 
and  to  establish  exact  monuments  for  the  subsequent  work 
of  the  “sub-dividers.”  This  second  group  of  engineers  are 
usually  contractors  running  interior  section  lines  on  a mile- 
age basis  and  tying  in  with  a moderate  degree  of  accuracy  to 
the  work  of  the  “base-line”  men.  The  third  division  is  made 
up  of  those  engineers  whose  duty  it  is  to  retrace  lost  surveys 
and  restore  old  marks  and  monuments. 

It  is  obvious  that  the  discovery  and  restoration  of  lost 
monuments  would  be  seriously  hampered  by  cold  weather 
and  heavy  snows  and  equally  plain  that  the  efficiency  of  a 
contractor’s  party  would  be  materially  reduced  by  the  short 
winter  days  and  the  necessity  for  speed  in  a snow  covered 
country  and  with  instrument  work  made  difficult  by  a tem- 
perature of  50°  below  zero.  The  base-line  surveyors,  how- 
ever, have  none  but  their  own  monuments  to  heed  and  care- 
fully precise  work  is,  with  them,  of  far  more  importance 
than  any  mileage  record.  Winter  surveying,  then,  is  com 
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fined  almost  entirely  to  the  work  of  the  base-line  operators. 

Briefly,  the  system  of  survey  consists  of  a number  of 
reference  meridians  approximately  190  miles  apart  at  the 
49th  parallel  of  latitude  and  converging  toward  the  Pole. 
The  base  lines  are  of  6-mile  chord  sections,  east  and  west, 
and  are  spaced  24  miles  apart,  numbering  toward  the  north 
from  the  49th  parallel  as  a first  base.  These  lines  are 
marked  by  iron  posts  and  mounds  and^pits  at  every  ^2 -mile 
station  and  it  is  the  duty  of  the  surveyor  to  see  that  a “sky 
line”  is  cut  through  all  timbered  country  and  that  well-sized 
trees  are  blazed  along  both  sides  of  the  line  at  intervals  of 
not  more  than  50  links.  It  is  still  further  the  duty  of  the 
base-line  engineer  to  conduct  a rough  topographical  survey 
of  the  country  for  12  miles  on  either  side  of  his  line,  to  con- 
struct a map  from  the  data  so  obtained,  and  to  include  in  his 
report  a description  of  the  soil,  watered  areas,  geology,  tim- 
ber, and  animal  life  within  the  range  of  his  observations. 

The  average  “base-line”  party  consists  of  a chief  engi- 
neer, two  assistants,  two  chainmen,  a picket  man  and  five 
axemen  for  the  transit  party,  a rodman  for  the  level  work, 
some  three  or  four  “pack  horse”  men,  and  a cook  and  cookee. 
It  is  seldom  that  the  party  numbers  over  twenty  men. 

The  summer  work  differs  but  little  from  the  surveying 
carried  on  along  the  same  lines  in  this  country.  Progress  is 
slow,  seldom  averaging  more  than  four  miles  per  week  of 
actual  line.  The  camp  is  moved  ahead  about  once  a week, 
each  move  necessitating  the  blazing  and  cutting  of  new  pack 
trails  since  base-line  work  is  always  far  in  advance  of  any 
settlement. 

The  arrival  of  winter,  however,  causes  a number  of 
changes  both  for  the  camp  and  the  men.  Pack  horses  are 
generally  superseded  during  the  cold  weather  by  sleighs  of 
various  forms  since  open  swamps,  rivers,  and  lakes  can  be 
utilized  as  roads  without  the  necessity  of  cutting  timber.  A 
flat  sleigh,  i8r/  wide  by  10'  or  12'  long  can  be  drawn  by  one 
horse  and  will  replace  the  work  of  a dozen  pack  ponies  and 
still  require  less  road  cutting. 

The  men  adopt  a dress  very  similar  to  that  found  in  the 
lumber  camps  of  the  northern  States — heavy  mocassins, 
mackinaw  sox  and  pants  and  coats,  flannel  shirts,  heavy 
sweaters,  woolen  caps,  and  woolen  mitts  with  a soft  leather 
covering.  Such  an  outfit  furnishes  ample  warmth  provided 
always  that  proper  drying  by  the  fire  at  night  prevents  the 
donning  of  damp  garments  in  the  morning. 
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Each  tent  is  provided  with  a wood-burning  camp  stove 
of  the  collapsible  box  type  and  ten  minutes  of  a good  pine 
fire  will  suffice  to  heat  a properly  erected  tent  to  a very  com- 
fortable degree.  A ten  ounce  weight  of  duck  furnishes  a 
heat-retaining,  wind-proof  dwelling  place. 

The  tents  are  pitched  on  the  ground  after  the  snow  has 
been  removed  from  the  site.  Guy  ropes  are  fastened  to  trees 
felled  near  the  side  walls  of  the  tent.  The  burlap  flap  around 
the  bottom  of  the  walls  is  turned  out  and  snow  is  piled  on  it 
to  a depth  of  two  or  three  feet.  This  serves  the  double  pur- 
pose of  anchoring  the  tent  and  of  banking  it  against  the 
wind.  The  “floor”  of  the  tent  is  of  spruce  boughs  piled  as 
thick  as  the  energy  or  taste  of  the  owners  demands.  Upon 
these  boughs  as  a mattress  is  spread  the  bedding — usually 
three  pairs  of  blankets,  or  perhaps  an  eiderdown  quilt,  fas- 
tened into  a sleeping  bag  and  protected  by  a waterproofed 
covering  of  canvas  or  light  rubber. 

Surveying  operations  continue  through  the  winter 
months  just  as  in  the  summer.  Progress  is,  of  course,  some- 
what slower  because  of  the  short  days  and  an  average  of 
three  miles  per  week  is  considered  good  work.  It  is  not 
unusual  to  average  less  than  six  working  hours  per  day 
through  December  and  January.  The  reason  for  this  will 
be  seen  when  it  is  understood  that  daybreak  is  about  7 130 
a.  m.  and  darkness  begins  again  about  4:30  in  the  after- 
noon. Deducting  from  the  intervening  nine  hours  at  least 
two  for  traveling  to  and  from  the  line  and  another  hour  for 
neon  lunch,  there  is  a balance  of  only  six  hours  for  actual 
work.  The  difficulty  of  cutting  in  frozen  timber  does  not 
seriously  delay  the  work  as  this  factor  is  largely  compensated 
for  by  the  fact  that  the  axemen  work  much  harder  and  more 
consistently  in  cold  weather. 

The  instrument  men  have  a number  of  little  problems 
to  solve  during  the  winter's  work.  Perhaps  the  first  of  these 
is  to  learn  to  handle  an  instrument  literally  “with  gloves.” 
Bare-handed  manipulation  is  out  of  the  question  as  the 
metal  freezes  the  flesh  almost  instantly.  Eight  knitted-silk 
gloves  afford  sufficient  protection,  however,  and  do  not  in- 
terfere with  the  careful  adjustment  of  the  screws  on  the 
instrument.  A clouding  of  the  lenses  is  often  caused  by  a 
hand  or  face  brought  too  closely  to  the  glass  and  tangent 
screws  are  sometimes  frozen  solid  as  a result  of  the  moist- 
ure from  the  breath  of  the  manipulator. 
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Observing  becomes  a real  task  in  cold  weather  because 
of  the  numerous  adjustments  and  readings  which  have  to  be 
taken.  In  Canada,  because  of  the  northerly  latitude,  Polaris 
can  always  be  observed  during  the  day  with  a moderately 
high  power  telescope.  Night  observations  are  almost  never 
taken.  Without  the  drawback  of  darkness,  the  task  is  still 
sufficiently  exacting,  however,  when  the  thermometer  is 
reading  at  40  or  50  below  zero.  Observations  for  the  de- 
flection of  the  magnetic  needle  which  have  to  be  made  at 
certain  hours  of  the  day,  depending  upon  the  time  of  the 
'year,  the  latitude,  and  the  longitude,  do  sometimes  necessi- 
tate night  work  but  the  manipulations  are  short  and  simple 
and  cause  the  transitman  but  little  trouble. 

The  work  of  chaining  suffers  no  change  during  the 
winter  months.  A five-chain  tape  is  used  with  a one-chain 
length  following  as  a check.  Corrections  are  applied  for 
slope  with  a clinometer  and  an  alcohol  thermometer  re- 
places the  mercury  bulb  used  in  warm  weather  for  the  tem- 
perature corrections. 

Monument  building,  which  consists  of  the  digging  of 
four  square  pits  and  the  erection  of  a three-foot  pyramid  in 
the  center  (the  iron  post  being  driven  at  one  corner  of  the 
pyramid),  is,  of  course,  much  more  laborious  work  in  frozen 
ground:  The  number  of  these  monuments  to  be  erected  is 
not  large,  however,  because  of  the  slow  rate  of  progress 
and  it  is  seldom  that  this  branch  of  the  work  delays  a for- 
ward movement. 

The  topographical  work  becomes  a real  pleasure  dur- 
ing the  winter  months.  With  no  foliage  to  obstruct  the 
view,  snowshoes  to  facilitate  travel,  and  open  water  no 
longer  a hindrance,  the  assistant  in  charge  of  the  exploring 
finds  himself  able  to  cover  a much  larger  area  of  country  to 
a distinctly  better  advantage  than  in  the  warmer  weather. 
For  these  reasons,  compass  surveys  of  lakes  and  rivers  are 
always  postponed,  if  possible,  until  the  cold  weather  has 
arrived. 

A comparison  of  the  two  seasons  from  a working 
standpoint  brings  out,  for  the  base  line  engineer’s  considera- 
tion, a number  of  advantages  in  favor  of  winter.  The  ease 
with  which  supplies  can  be  transported,  and  the  ability  to 
keep  supplies,  particularly  fresh  meats,  are  alone  almost 
enough  to  swing  the  balance  in  favor  of  cold  weather  opera- 
tions. As  a rule,  the  men  are  better  workers  during  this 
season — a fact  easily  accounted  for  when  one  considers  the 
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short  hours,  better  food,  and  the  absence  of  mosquitoes  and 
black  flies  which  make  the  summer  months  almost  unbear- 
able at  times.  The  rough  comforts  of  the  camp  are  always 
developed  to  the  highest  degree  during  the  winter  season 
and  the  long  hours  under  cover  are  frequently  used  to  con- 
vert the  tent  into  a semblance  of  a real  home.  If  we  add 
to  these  facts  the  statement  that  line  operations  are  but  little 
hindered  and  say,  then,  that  such  hindrance  is  more  than 
counterbalanced  by  the  increased  efficiency  of  the  topo- 
graphical party,  it  should  be  plain  why  the  winter  months 
are  regarded  as  the  best  season  for  base  line  work  in  Canada. 
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Organization 

The  Editorial  Staff  of  the  Purdue  Engineering  Review 
has  undergone  a reorganization.  A new  Constitution  has 
been  adopted  by  the  Engineering  Societies,  which  provides 
for  the  different  departments  of  the  staff  as  they  now  stnad. 
The  electing  of  only  one  assistant  to  each  department  was 
made  possible  by  the  addition  of  the  Chemical  Engineering 
Society,  and  under  the  present  organization  a complete  un- 
derstanding of  duties  will  be  promoted.  The  addition  of  a 
Permanent  Treasurer  will  also  provide  a means  of  further- 
ing a better  organized  business  department. 

A Step  Ahead 

For  many  years  it  has  been  desirable  to  have  the 
Undergraduate  express  his  ideas  in  an  intelligible  manner. 
It  has  also  been  true  that  with  its  mushroom  growth,  Purdue 
has  men  in  its  Academic  courses  who  have  had  very  excep- 
tional training  and  experiences.  There  will  be  found  in 
this  issue  several  very  interesting  articles  written  by  under- 
graduates. This  is  an  experiment  that  will  no  doubt  prove 
a success. 
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SCHOOL  OF  CIVIL  ENGINEERING 

THE  LABORATORY  FOR  TESTING  MATERIALS 

During  the  past  year  an  Impact  Machine  and  a large 
torsion  testing  machine  have  been  installed,  which  provides 
for  tests  in  compression  and  flexure.  The  Impact  machine 
formerly  installed,  provides  for  tests  in  tension  so  that  the 
University  is  now  prepared  for  various  kinds  of  impact 
tests  of  materials.  The  research  in  progress  in  the  labora- 
tory includes  investigation  of  methods  of  improving  the 
manufacture  of  concrete  sewer  pipes ; the  investigation  of 
the  properties  of  alloy  steels  under  quick  applied  and  alter- 
nating stresses;  the  investigation  of  the  best  division  by 
screening  of  the  output  of  Indiana  gravel  beds. 

HYDRAULIC  LABORATORY 

The  new  installations  of  machinery  in  the  Hydraulic 
Laboratory  are  now  complete.  The  new  construction  in- 
cludes a concrete  channel,  8 feet  wide  with  large  weirs, 
and  a 50,000  pound  scale  for  weighing  the  flow.  Under- 
neath this  channel  is  a large  underground  reservoir.  There 
is  a 12  inch  water  turbine  and  a 20  inch  centrifugal  pump 
connected  up  with  a steel  pressure  tank  from  which  also 
provision  is  made  for  a study  of  discharge  through  orifices 
a’nd  nozzles  under  high  pressure.  This  laboratory  now  has 
a capacity  of  8,000  gallons  per  minute  and  the  available  head 
of  500  feet.  This  finely  equipped  laboratory  has  been  de- 
veloped by  changes  in  the  former  machine  shop  at  a very 
small  cost.  The  experimental  work  under  way  includes  the 
flow  of  water  through  bent  pipe  and  valves,  of  the  flow  of 
water  in  concrete  channels  and  also  the  resistance  caused  by 
different  forms  of  bridge  piers. 

SPECIAL  RESEARCH 

Professor  Albert  Smith  has  completed  a very  patient 
and  difficult  study  of  the  stresses  in  steel  frames  of  high 
buildings  caused  by  wind  forces. 
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Professor  Albright  has  continued  his  measurements  of 
the  deformation  of  railroad  tracks  under  different  operat- 
ing conditions,  for  the  purpose  of  throwing-  light  on  the 
proper  design  of  ballast,  ties  and  rails. 

Professor  Geo.  E.  Martin  entered  upon  his  duties  as 
Assistant  Professor  of  Highway  Engineering  and  has  spent 
a larger  part  of  his  time  in  highway  extension  throughout 
the  State  of  Indiana.  Purdue  Road  Schools  are  being  held 
in  various  districts  of  the  State  at  which  practical  prob- 
lems peculiar  to  Indiana  are  discussed. 

ENGINEERING  CAMP 

The  engineering  camp  of  the  summer  of  1914  was  held 
on  the  State  Forest  Reserve  near  Henry ville,  about  20  miles 
south  of  Kentucky,  and  this  summer  will  probably  be  held 
at  Pentwater,  Michigan.  This  camp  has  proved  a great  suc- 
cess, not  only  in  equipping  students  as  engineers,  but  has 
generated  a general  effectiveness  that  shows  itself  to  a 
marked  degree  in  the  work  of  the  Junior  year. 

INDIANA  FLOOD  COMMISSION 

During  the  past  year,  the  engineering  office  of  the  Indi- 
ana Flood  Commission  was  installed  at  the  School  of  Civil 
Engineering.  Professor  Hatt  as  Chief  Engineer,  was  as- 
sisted by  Professor  Wiley,  Professor  Albright  and  Mr. 
Lommel.  The  report  of  the  Chief  Engineer  was  issued  as 
a bulletin  of  the  Indiana  Bureau  of  Legislative  Information. 


SCHOOL  OF  MECHANICAL  ENGINEERING 

CHANGES  IN  THE  INSTRUCTIONAL  STAFF 

During  the  past  year  several  changes  have  been  made 
in  the  personnel  of  the  instructional  corps  of  this  depart- 
ment. Prof.  T.  T.  Eyre  has  returned  after  a leave  of  ab- 
sence of  one  year,  in  which  time  he  was  head  of  the  Depart- 
ment of  Mechanics,  Hydraulics  and  Testing  Materials  Lab- 
oratory of  Case  School  of  Applied  Science.  The  department 
has  lost  in  the  last  year,  Prof.  L.  E.  Endsley,  who  at  the 
present  time  is  Professor  of  Railroad  Engineering  at  the 
University  of  Pittsburg.  Mr.  A.  O.  Gates  has  resigned  to 
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take  a position  as  Assistant  Sales  Manager  for  the  Dodge 
Manufacturing  Company  of  Mishawaka,  Indiana. 

The  department  has  had  the  use  of  a large  amount  of 
apparatus  in  connection  with  the  Steam  and  Gas  Engineer- 
ing and  the  Heating  and  Ventilating  Laboratory. 

RESEARCH 

Thirteen  lines  of  research  were  completed  far  enough 
to  be  worthy  of  publication  and  a number  of  problems  are 
still  under  investigation  during  the  last  year.  Quite  a num- 
ber af  articles  and  reports  were  published  also  during  the 
last  year. 


SCHOOL  OF  ELECTRICAL  ENGINEERING 

The  personnel  of  the  instructional  corps  of  the  School 
of  Electrical  Engineering  has  not  been  radically  changed 
this  year,  Professors  Harding,  Topping,  Rowell,  Ewing  and 
Still  being  its  representatives  on  the  faculty  and  the  instruc- 
tors remaining  as  before.  Messrs.  L.  L.  Bouton  of  the  Kan- 
sas Agricultural  College,  later  with  the  General  Electric 
Co.,  at  Schenectady,  and  H.  E.  Phelps  of  Worcester  Poly- 
technic Institute  were  added  to  the  staff  as  assistants. 

The  west  room  on  the  first  floor  of  the  Electrical  Build- 
ing, which  has  been  occupied  as  an  office  by  the  head  of  this 
school  for  many  years  is  now  being  transformed  into  a 
reading  and  conference  room  for  the  Purdue  Branch  of  the 
A.  I.  E.  E.  and  the  three  south  rooms  on  the  first  floor  have 
been  devoted  to  office  purposes. 

Research  work  in  connection  with  the  high  tension 
laboratory  and  the  test  car  has  been  continued  during  the 
year  and  a high  voltage  voltmeter  operating  upon  an  entirely 
new  principle  is  being  constructed  in  the  former  laboratory 
which,  it  is  anticipated,  will  be  of  considerable  scientific 
merit.  Aside  from  the  usual  research  and  commercial  tests 
which  have  been  carried  on  there  is  at  present  in  operation 
a life  and  contact  resistance  test  of  a large  variety  of  types 
of  signal  relays  used  upon  block  signal  track  circuits.  This 
work  is  being  done  for  the  National  Signal  Association  and 
is  attracting  considerable  attention. 
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SCHOOL  OF  CHEMICAL  ENGINEERING 

The  school  continues  to  grow  at  a healthy  rate,  the 
total  enrollment  this  year  being  160,  compared  with  139  last 
year,  including  a senior  class  of  20. 

In  spite  of  the  unsatisfactory  condition  of  the  business 
world  the  graduates  have  all  been  employed  in  technical  po- 
sitions in  so  far  as  they  so  desired,  and  more  could  have  been 
placed  if  available. 

Some  rearrangement  of  the  work  has  been  made,  seve- 
ral subjects  being  transferred  to  more. effective  parts  of  the 
course. 

The  staff  of  the  chemistry  department  has  been  enlarg- 
ed by  the  appointment  of  Dr.  H.  E.  Loomis,  assistant  pro- 
fessor in  Bowdoin  College,  to  take  charge  of  physical 
chemistry,  formerly  administered  by  Professor  Mahin,  who 
now  directs  the  work  in  quantitative  analysis  only. 

It  is  expected  that  some  of  the  seniors  in  chemical  en- 
gineering will  receive  instruction  in  physical  chemistry  next 
year  and  hope  that  arrangements  can  soon  be  made  for  a 
year’s  work  for  all  in  this  increasingly  important  branch  of 
chemistry. 

Research  work  has  been  conducted  this  year  on  the 
destructive  action  of  chemical  solutions  on  concrete,  the  ef- 
ficiency of  automobile  fuels,  and  the  properties  of  lubricat- 
ing oils. 


Engineering  L'.b:. 

THE 

PURDUE 

Engineering  Review 


PUBLISHED  ANNUALLY 
BY  THE 

ENGINEERING  SOCIETIES 

OF 

PURDUE  UNIVERSITY 


Number  12 
1916 


PRICE  25  CENTS 


LAFAYETTE,  INDIANA 


CONTENTS 


Page 


Engineering  Review  Authors  for  1916  9 

Exact  Control  of  Manufacture,  George  De  A.  Babcock 15 

The  Operation  of  the  Control  Board,  M.  J.  Golden 28 

Shop  Control,  L.  W.  Wallace  32 

White  Sugar — Cane  or  Beet?  Albert  Hugh  Bryan 38 

Coasting  Records  for  Checking  Electric  Car  Operation 

Efficiency,  C.  C.  Chappelle  42 

Plans  of  the  American  Association  of  Engineers,  A.  H.  Krom  51 

Expansion  and  Construction  Joints  in  Reinforced  Concrete 

Viaducts  56 

Fatalities  and  Serious  Shocks  Caused  by  Electricity, 

Geo.  E.  Glossop 63 

Notes  on  Estimating  the  Growth  of  Cities,  H.  G.  Raschbacher  68 

The  Evolution  of  Excavating  Machinery,  J.  D.  Rauch 76 

Principles  of  District  Drainage  Assessments,  R.  G.  Flaugher  79 

Some  Personal  Impressions  of  Aviation,  J.  C.  Turpin 83 

Some  Phases  of  Railway  Traffic  Study  Work  86 

Is  the  Answer  Yes  or  No?  F.  F.  Chandler 93 

Loss  of  Head  in  Pipes,  Bends,  Valves  and  Other  Fittings, 

W.  E.  Stanley  98 

Modernizing  a Boiler  Plant,  W.  A.  Hanley  107 

Condensation  Meters,  W.  T.  Miller 112 

Editorial  117 

Department  Notes  118 

Index  to  Advertisers  I 


Enfrineerinp  L 


Engineering  Review  Authors  for  1916 


MR.  GEORGE  DeA.  BABCOCK  (“The  Exact  Control  of  Manu- 
facture”)  was  born  in  Corvinne,  Utah,  in  1875  and  received  his 
preliminary  education  at  the  Fairfield  Military  Academy.  In 
1904  he  graduated  from  Purdue,  receiving  the  degree  of  B.  S. 
E.  E.  Before  entering  Purdue  he  had  some  experience  in  teach- 
ing and  after  graduation  he  accepted  the  position  of  Professor 
of  Mechanic  Arts  at  Syracuse  University.  In  1907  he  became 
production  manager  oif  the  H.  H.  Franklin  Mifg.  Co.,  which  posi- 
tion he  holds  at  the  present  time.  He  is  a member  of  the  Taylor 
Society.  He  is  the  author  of  “Results  of  Applied  Scientific  Man- 
agement,” an  address  before  the  Metal  Trades  Association  in 
1914,  and  reprinted  by  the  “Iron  Age;”  “Routing  Schedule  and 
Despatch,”  an  address  before  the  Efficiency  Society  and  re- 
printed by  “Iron  Age;”  “The  Executive’s  Problem,”  an  address 
before  the  Manufacturers’  Association,  reprinted  by  “Iron  Age;” 
as  well  as  many  other  articles  printed  in  technical  magazines, 
and  .addresses  before  technical  societies  on  the  general  subject 
of  manufacturing  efficiency.  Mr.  Babcock  is  generally  recog- 
nized as  being  one  of  the  leading  authorities  in  the  country  on 
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of  both  Purdue  and  Illinois. 
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The  Control  Boards  in  the  H.  H.  Franklin  Mfg.  Company’s  Plant. 
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EXACT  CONTROL  OF  MANUFACTURE* 

By  George  De  A.  Babcock,  ’04  f 

Synopsis:  A discussion  of  the  application  of  scientific  management  to 
a manufacturing  business,  taking  up  the  principle  elements  which  enter 
into  the  intensive  control  of  manufacturing  work  and  explaining  in  detail 
how  each  may  be  scheduled  and  despatched  with  precision.  This  article 
is  supplemented  by  illustrations  and  an  explanation  of  the  control  boards 
used  in  the  H.  H.  Franklin  Mfg.  Co’s,  plant,  Syracuse,  N.  Y.  to  obtain  the 
exact  control  described  by  Mr.  Babcock  in  this  article. 

Recently  the  writer  addressed  the  Manufacturers’  Asso- 
ciation of  Auburn,  N.  Y.,  on  the  subject,  “The  Executive’s 
Problem.”  The  theme  of  this  address  involved  different 
types  of  executive  action  as  applied  to  the  conduct  of  a busi- 
ness. Three  fundamental  types  of  executive  action  were 
presented,  the  third  one  of  which  is  commonly  known  as 
Scientific  Management.  It  is  a type  of  management  promul- 
gated and  practiced  by  our  late  Dr.  Frederick  W.  Taylor,  in 
which  the  executive  assumed  a more  detailed  control  of 
work  than  practiced  under  other  forms ; in  which  facts  sup- 
plant opinion  and  exact  instructions  supplant  general  orders. 
Tasks  are  set  for  each  element  of  the  work  and  a perpetual 
cl^eck  of  accomplishment  to  these  tasks  is  maintained. 

I shall  go  into  a somewhat  extended  discussion  of  the 
application  of  this  type  of  management  to  a manufacturing 
business  and  from  examples  gathered  over  a period  of  four 
years  of  its  practice  in  a most  intensive  form  acquaint  you 
perhaps  better  than  in  any  other  way  with  what  repayment 
may  be  expected  to  offset  the  strenuous  effort  required  for 
its  introduction  and  continued  application. 

The  writer  has  been  highly  favored  in  the  past  with  an 
opportunity  to  present  the  results  of  these  experiences  before 
Societies,  Associations,  and  Universities,  most  of  which  have 
been  recounted  in  the  “Iron  Age”  magazine.  It  has  been  his 
aim  to  prepare  a discussion  on  different  phases  of  this  work 
upon  each  of  these  occasions.  This  paper  includes  but  little 
of  the  detail  of  that  which  has  been  previously  written. 

* Address  given  before  the  University  Industrial  Society,  Bridgeport, 
Conn.,  December  3,  1915. 

t Production  Manager,  The  H.  H.  Franklin  Mfg.  Co.,  Syracuse,  N.  Y. 
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Preliminary  to  any  active  work  in  the  factory,  the  man- 
agement and  more  important  supervisors  must  at  least  agree 
to  be  in  accord  with  the  new  efforts  and  to  give  their  honest 
support  to  such  efforts.  Those  responsible  for  the  work  of 
reorganizing  will  be  reflected  by  successful  or  chaotic  results. 
If  you  fail  or  go  into  it  with  a half-hearted  or  unscientific 
approach  you  will  be  worse  off  than  before  you  started.  If 
you  support  and  carry  it  to  a successful  conclusion,  as  it  will 
invariably  be  if  carried  through,  you  will  marvel  at  the  com- 
fort and  lack  of  discord  which  permeates  your  whole  works. 

The  principal  elements  which  enter  into  a manufactur- 
ing effort,  arranged  in  the  order  in  which  they  will  be  dis- 
cussed, are : 


(a) 


(b) 


(c) 


Stock  on  hand  available  for  production. 

1.  Productive  materials. 

2.  Patterns  and  dies. 

3.  Supplies 

Material  and  work  in  process  of  production. 

1.  Buildings. 

2.  Machines  and  equipment. 

3.  Materials. 

4.  Tools. 

5.  Men. 

Money. 

1.  In  production. 

2.  In  supplies  and  indirect  expense. 


The:  Control  of  Stock  Materials 

Develop  a set  of  controlling  records  for  the  stock,  which 
are  designed  to  be  absolutely  dependable  without  undue 
supervision. 

Perfect  the  inspection  of  incoming  materials  to  the  end 
that  inspection  precedes  receipt  into  the  stock  room  or  rec- 
ords and  that  no  rejections  shall  occur  after  such  record.  To 
secure  this,  specifications  must  be  exact  and  the  education 
of  the  inspectors  with  respect  to  the  specification  complete. 

{Example : At  the  end  of  our  year  1911,  the  variation 
in  stock  room  physical  inventory  with  the  records  was  2^4  % 
of  the  value  of  charges  handled  during  the  year.  At  the  end 
of  the  year  1913,  the  variation  was  .03%.  At  the  end  of  the 
year  1914,  the  variation  was  .01%  of  all  such  charges.) 

Upon  this  foundation  material  schedules,  in  and  out  of 
stock,  can  be  attained  with  unbelievable  exactness. 
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To  insure  materials  being  in  stock  on  required  dates, 
the  Purchasing  Agent  must  provide  for  the  schedules  stand- 
ard purchasing  times  for  each  material  class,  as  forgings, 
grey,  malleable,  aluminum,  or  bronze  castings,  cold  rolled 
bars,  nickel  steel  bars,  etc.  These  standard  times  are  the 
minimum  number  of  days  in  which  the  representative  can 
regularly  bargain,  buy  and  deliver  to  stock  each  class  or 
special  item.  From  time  to  time  such  list  will  be  modified 
as  changes  of  conditions  require. 

(Example  \ The  standard  list  now  in  service  contains 
seventy-two  classes  and  items.  It  is  dated  May  n,  1915,  at 
which  time  it  was  last  revised.  To  this  date,  with  all  the 
assumed  difficulty  of  obtaining  materials,  only  six  changes 
have  been  made  in  time  allowances  in  this  list.  At  this  date 
4,000  lots  are  on  order  with  the  Purchasing  Agent.  About 
100  lots  are  issued  to  the  shop  each  day.  90  lots  are  now 
waiting  to  be  issued  as  overdue.  This  represents  about  one 
day’s  delay.) 

The  purchasing  representative  must  be  specific  in  re- 
quiring that  deliveries  of  materials  neither  precede  the  speci- 
fied date  or  delay  beyond  such  date.  Some  variation  must  of 
course  be  provided  between  the  date  of  delivery  to  stock  and 
date  to  send  into  process.  This  should  be  a standard  time. 

( Example : The  present  standard  of  stock  time  is  ten 
days;  i.  e.,  if  no  more  stock  were  received  but  issues  contin- 
ued per  schedule,  the  stock  would  be  entirely  depleted  in  ten 
days,  assuming  that  receipt  and  issues  occur  exactly  to 
schedule.  Practically,  we  have  attained  in  late  months  an 
actual  stock  reduction  to  eleven  and  one-quarter  days’  sup- 
ply without  detrimental  effect  upon  productive  output  or 
direct  productive  costs.  Previous  to  new  methods  and  pres- 
ent control  plan,  the  stock  investment  represented  a fifty 
days’  supply.  This  automobile  stock  is  evidently  composed 
of  a great  variety  of  classes  as  well  as  characteristic  parts. 
Some  material  is  stocked  for  a complete  schedule  of  six 
months  or  more  up  to  three  years  for  lumber.  Such  material 
is  usually  small  in  bulk,  large  in  numbers  and  of  relatively 
small  value.  Other  material  of  appreciable  bulk  and.  value 
may  be  stocked  to  the  short  period  of  one  week.) 

From  the  above  we  conclude  that  control  of  stock  has 
been  obtained.  Six  principal  items  require  control. 

1.  Requisition  of  material. 

2.  Placing  of  purchase  order. 

3.  Securing  of  acknowledgments. 

4.  Receipt  of  invoice  showing  shipment  of  material. 
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5.  Receipt  of  material  into  stock. 

6.  Issue  of  material  to  process. 

Pattern  Control 

For  castings,  a pattern  must  accompany  the  requisition 
This,  therefore,  must  be  controlled.  The  principal  items  en 
tering  are : 

1.  Pattern  order  placed. 

2.  Work  started. 

3.  4,  5,  etc.  Percentage  completed. 

6.  Delivery  to  foundry  for  test  casting. 

7.  Casting  received. 

8.  Issued  to  shops. 

9.  10,  etc.  Percentage  of  casting  tested. 

11.  Test  completed,  and  if  satisfactory,  release  the 
pattern  to  Purchasing  Agent  to  ship  to  founder  for  produc- 
tion, or  to  local  founder,  from  the  local  pattern  control.  If 
not  satisfactory,  recall  the  pattern  and  repeat. 

Controe  oe  Dies  eor  Forgings 

This  plan  is  similar  to  that  for  patterns.  The  control 
items  are:  (1)  Order  dies.  (2)  Secure  and  inspect  lead 

proofs.  (3)  Release  dies  for  test  forgings.  (4)  Test  out 
forgings  to  jigs  or  for  hardness  or  chemical  analysis.  Re- 
lease of  dies  for  production. 

Suppey  Controe 

Supplies  for  the  shops  are  controlled  under  a budget 
plan.  In  recent  years  there  has  been  accumulated  a vast 
amount  of  information  relative  to  the  consumption  of  per- 
ishable supplies  at  the  different  classes  of  machines.  This 
includes  grinding  wheels,  polishing  wheels,  oils,  waste,  per- 
ishable tools,  etc.  From  this  accumulated  information  bud- 
gets are  prepared  for  each  department  for  each  month  and 
dates  of  deliveries  of  supply  materials  are  controlled  to  agree 
with  these  budgets.  While  there  may  now  be  some  varia- 
tion, the  increase  of  accumulated  information  will  soon  make 
it  practically  exact. 

Supplies  are  despatched  from  the  stock  rooms  some- 
times with  tools  for  the  job,  and  at  others  to  the  workmen 
directly,  as  they  come  for  jobs. 
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Control  of  Material  Work  in  Process  of  Production 

This  class  of  factory  effort  calls  for  the  greatest  activity 
on  the  part  of  the  organization  due  to  the  many  complex 
groups  which  enter.  These  principal  groups  are:  (1)  Build- 
ings. (2)  Machines  and  equipment.  (3)  Material.  (4) 
Tools.  (5)  Men. 

No  group  or  subdivision  of  a group  can  remain  in  par- 
tial or  without  control  and  the  final  results  be  controlled.  If 
the  product  is  complex  the  least  unbalance  in  the  schedules 
of  the  groups  will  cause  immediate  congestion  with  a conse- 
quent temporary  suspension  of  work  in  some  divisions  fol- 
lowed by  a corresponding  period  of  excessive  activity.  There 
will  first  be  unemployment  and  later  overemployment ; idle 
plant  and  machines,  with  later  a congested  plant  and  ma- 
chines. Delayed  or  limited  material  may  be  the  cause  of  a 
greater  congestion  than  material  in  advance  of  schedule. 
Either  condition  causes  not  only  extreme  dissatisfaction  to 
all  persons  affected  but  it  means  large  permanent  invest- 
ments in  buildings  and  other  fixed  equipment  for  temporary 
use  as  well  as  unsalable  material  and  labor. 

A uniform  burden  on  the  works  at  the  minimum  invest- 
ment is  so  desirable  that  all  possible  effort  in  this  respect 
will  be  amply  repaid  if  the  classified  plan  of  control  is  ob- 
tained and  perpetually  applied. 

Building  Control 

The  control  of  buildings  for  an  ascending  schedule  is 
not  difficult.  Plans  are  laid  as  for  materials  and  machines. 
All  of  the  activities  which  are  represented  are  analyzed  and 
classified.  Each  class  is  further  divided  into  its  elements 
and  the  date  for  each  element  to  start,  proceed  and  finish  is 
set.  The  setting  of  each  date  is  made  with  reference  to  the 
date  for  the  finish  of  the  completed  structure.  The  time  for 
measurements,  i.  e.,  the  time  required  to  produce  each  ele- 
ment, is  predetermined  from  exact  knowledge  and  estimates. 
Promises  of  architects  and  contractors  are  not  altogether 
satisfactory,  since  rarely  do  they  have  the  opportunity  to 
plan  and  supervise  as  intensely  as  is  customary  under  the 
highly  developed  factory  method. 

The  control  of  buildings  for  a descending  schedule  un- 
less they  can  be  sold  for  cost  loss  depreciation  is  never  satis- 
factory. Some  relief  can  be  obtained  by  maintaining  peak 
loads  in  outside  rentals,  never  carrying  a building  equipment 
for  probable  peaks.  The  possibility  of  securing  such  outside 
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A substation  from  which  one  of  the  machine  shops  is  controlled.  The  boxes  shown  in  this  photograph  contain  the  time 
cards  which  have  been  written  for  the  workmen  and  these  time  cards  represent  both  the  work  they  are  actually  engaged  on  and 
the  work  which  will  come  to  them  next. 
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rental  is  a factor  to  be  considered,  for  without  it,  it  is  either 
build  or  pass  the  business  and  the  latter  is  not  always  the 
least  objectionable. 

{Example : Storage  spaces  for  materials  are  con- 

structed identically  as  for  manufacture.  As  these  spaces 
become  occupied  with  manufacture,  materials  are  crowded 
out  into  rentals  until  the  permanency  of  this  rental  is  evident, 
then  new  buildings  are  provided  to  house  the  permanent 
part  of  the  overflow.) 

Control  of  Machines  and  Equipment 

The  fundamental  of  control  of  machines  is  the  burden. 
“What  machines”  and  “how  many”  for  a given  rate  of  out- 
put of  a known  product  is  a perplexing  question.  Expert 
mechanics  of  highly  inventive  ability  in  the  planning  room 
will  specify  the  first  part  of  this  question,  i.  e.,  “What  ma- 
chines.” The  regulation  of  “how  many”  to  produce  a vary- 
ing schedule  of  output  can  be  secured  through  exact  record 
of  the  time  in  which  the  machine  can  produce  each  operation 
on  each  piece  which  is  routed  over  it.  If  the  product  is  such 
a one  or  similar  to  that  now  considered,  a burden  record  can 
be  compiled  to  show  each  machine  by  number  or  symbol 
with  all  operation  time  routed  to  it  for  one  unit  of  the  fin- 
ished product.  The  sum  of  such  times  for  each  machine 
multiplied  by  the  number  of  product  units  to  be  made  each 
day  will  give  daily  task.  This  daily  task  divided  by  the  num- 
ber of  machines  will  give  the  daily  burden.  This  burden 
divided  by  the  number  of  time  units  in  the  standard  day  will 
show  the  number  of  machines  required.  Two  essentials  for 
the  success  of  this  plan  are  proper  time  allowance  for  ma- 
chine breakdowns  or  idleness  and  exact  knowledge  of  unit 
times  for  each  operation.  There  is  no  way  of  securing  this 
latter  except  by  elemental  time  study.  Since  the  machine 
operator’s  activity  is  a factor  in  the  time  taken  by  the  ma- 
chine, the  operator  must  also  accomplish  his  effort  in  the  set 
time.  This  is  prescribed  in  the  instruction  card  with  which 
the  operator  is  provided.  Regardless  of  the  payment  of  a 
premium  or  bonus  to  the  man  for  special  attainments,  it  is 
absolutely  essential  for  the  welfare  of  his  fellows,  as  well  as 
the  stability  of  the  business,  that  the  machine  unit  times  be 
obtained  and  applied.  Any  delay  on  a part  causes  a delay 
of  the  assembly  into  which  it  goes  with  a consequent  suspen- 
sion of  work  of  the  assemblers.  There  will  also  come  over- 
due shipments  to  the  consumers. 

The  operations  on  parts  which  go  over  each  machine 
having  been  recorded,  from  the  schedule  of  the  particular 
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operation  of  that  part  which  must  be  first  worked  upon,  a 
date  can  be  obtained  for  the  delivery  of  the  machine  to  its 
place  on  the  work  floor. 

All  machines  planned  for  the  same  kind  and  quality  of 
work  are  speeded,  powered  and  made  exactly  alike  in  all 
mechanical  respects.  They  are  then  classes  in  groups  so  that 
work  routed  to  one  can  be  placed  with  any  of  the  others 
with  certainty  of  predetermined  standard  performance.  The 
group  carries  the  group  burden  and  in  all  respects  acts  as 
one  machine.  Each  machine  in  the  group  is  regularly  in- 
spected and  repaired.  Lubrication  for  cutting  edges  is  con- 
trolled by  a central  equipment  circulating  to  all  places  of 
use  in  the  shops. 

Example : Some  of  the  groups  and  number  of  ma- 

chines in  each  group  as  now  arranged  are : 

Power  mills,  class  io,  group  of  4. 

Power  mills,  class  24,  group  of  2. 

Power  mills,  class  42,  group  of  3. 

Hole  grinders,  class  11,  group  of  4. 

Turret  lathes,  class  9,  group  of  8. 

Polishing  grinders,  class  3,  group  of  12. 

Drill  presses,  class  1,  group  of  6. 

Gang  drills,  class  10,  group  of  6. 

There  is  a considerable  number  of  groups  with  from 
four  to  six  machines  in  the  group.  The  most  difficult  group 
is  that  of  the  turret  lathes,  class  9.  Slight  variation  in  the 
alignment  of  turret  or  spindle  will  eliminate  the  machine 
from  the  group. 

With  a larger  productive  output  the  number  of  ma- 
chines in  each  group  would  grow  practically  proportional  to 
the  output. 

Control,  of  Materials 

No  plans  for  control  of  materials  over  the  varied  paths 
in  the  works  can  be  successful  unless  controls  previously 
mentioned  have  been  established  and  are  perpetually  main- 
tained. Even  with  this  satisfactory  maintenance  under  the 
usual  plans  the  detail  in  this  effort  is  enormous.  For  exact 
control — and  this  is  so  much  more  satisfactory  than  that 
which  is  approximate — each  activity  on  each  part  and  assem- 
bly must  be  specified.  One  chief  essential,  but  one  seldom 
practiced,  is  the  determination  and  standardization  of  lot 
sizes  for  each  part.  These  lots  will  be  moved  from  station 
to  station  on  the  routes  as  units,  each  lot  to  remain  at  each 
station  until  the  work  specified  to  be  done  at  the  station  is 
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completed  on  each  piece  in  the  lot.  Without  exceptional 
orders,  once  the  work  at  a station  has  been  started  on  a lot 
of  one  part,  until  it  is  finished  no  other  lot  of  another  part 
can  be  started.  This  precludes  the  use  of  stock  chasers  or 
other  local  shop  authority  since  they  are  not  in  a position  to 
judge  the  relative  importance  of  delayed  parts  as  against 
other  work  waiting  at  the  machine  when  the  delayed  part 
reaches  it. 

Under  a standard  lot  size  plan  the  variations  in  quantity 
of  output  are  obtained  by  corresponding  variations  in  the 
frequency  of  despatching  individual  lots. 

{Example : Assume  a standard  lot  of  finished  product 
at  Final  Assembly  to  be  50  units,  and  the  schedule  to  require 
10  units  per  work  day.  Then  lots  of  parts  for  final  assembly 
will  be  despatched  from  finished  stock  each  5 work  days. 
If  a product  part,  one  of  which  is  used  in  each  unit  of  the 
finished  product,  is  moved  in  lots  of  500  pieces,  this  quantity 
will  satisfy  the  assembly  for  50  work  days  and  will  be  de- 
spatched from  raw  materials  stock  at  that  frequency.  The 
same  frequency  will  obtain  at  each  station  on  the  route.  If 
each  assembly  lot  is  25  days  in  process,  then  5 lots  will  be  in 
process  at  all  times.  If  the  lot  is  in  process  15  days,  then  3 
lots  will  be  in  process  at  all  times.) 

Since  the  same  kind  of  machine  work  will  occur  on 
many  different  parts,  the  order  of  approach  of  the  parts  to 
the  machine  must  be  controlled.  The  parts  must  be  moved 
to  the  machines  and  be  recorded  at  the  machine  before  the 
work  order  is  given  to  the  operator.  If  machines  are 
grouped  the  material  must  be  delivered  to  the  location  of  the 
group  and  this  recorded  as  received.  The  first  free  operator 
in  the  group  must  then  be  given  the  part  next  due.  This 
action  is  readily  secured  by  dating  each  operation  job  card 
at  the  Control  Board,  which  insures  accurate  relative  order 
of  work.  The  jobs  for  a given  group  of  machines  are  ar- 
ranged in  a machine  job  card  box  in  the  order  of  these  dat- 
ings. Despatch  boys  local  to  the  shops  are  held  strictly 
accountable  for  the  giving  out  of  jobs  to  the  operators  in 
the  order  of  dates.  Any  job  not  issued  by  a given  hour,  on 
the  day  specified  is  marked  with  a “Lot  Urgent”  card.  This 
card  is  signed  by  a superior  in  the  Planning  Department,  and 
upon  this  signature  becomes  a standing  order  to  the  superin- 
tendent and  foreman  to  provide  overtime  or  night  work  for 
the  job.  If  any  one  part  becomes  overdue  with  aggravating 
frequency,  or  if  a machine  or  group  of  machines  is  con- 
stantly marked  with  urgent  cards,  the  Routing  Division  is 
called  into  consultation  to  advise  a solution. 
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At  the  present  time  there  are  12,000  jobs  standing  in 
the  machine  racks.  There  are  an  average  of  600  jobs  started 
per  day.  There  are  450  urgent  tags  standing ; i.  e.,  one  day’s 
extra  activity  of  the  working  force  would  bring  all  work  in 
the  shop  up  to  schedule. 

The  variations  in  hour’s  work  on  overtime  or  night  shift 
is  slight.  We  conclude  from  this  and  from  the  fact  that 
final  product  follows  its  schedule  exactly,  that  average  errors 
in  operation  are  constant. 

We  also  conclude  that  if  no  urgent  tags  stood  against 
work,  that  the  investment  in  work  in  process  account  would 
be  excessive,  i.  e.,  we  would  be  ahead  of  schedule  on  pro- 
duced parts,  which  product  would  remain  in  an  unassembled 
state  lacking  finished  purchased  parts  for  its  completion. 

Scheduling  of  standard  lots,  coupled  with  sure  methods 
of  despatching  over  well  planned  routes  should  obtain  most 
beneficial  results  from  the  reduction  of  investment  charge  as 
well  as  the  delivery  of  salable  product. 

These  are  two  of  the  most  important  accomplishments 
in  factory  conduct.  Known  time  elements  are  fundamental 
for  this  conduct.  When  known  they  must  be  obtained  regu- 
larly in  practice. 

{Example : Previous  to  the  control  of  our  factory 

work  by  the  above  plan,  the  work  in  process  investment  ac- 
count represented  three  and  one-half  cars  for  each  car  pro- 
duced per  month.  Now  it  is  one  and  one-tenth  cars  for  each 
car  produced  per  month ; i.  e.,  we  turn  our  money  over  three 
times  as  fast  as  before.) 

Control  or  Tools 

Coincident  with  the  routing  of  operations  to  machines 
is  the  specification  of  tools.  These  include  jigs,  templates, 
gauges,  drills,  taps,  dies,  wrenches,  and  the  forms  and 
sizes  of  all  cutting  edges.  The  date  of  tools  due  in  tool 
rooms  is  specified  and  the  minimum  quantity  to  carry  en- 
tered on  the  tool  ledgers.  The  stock  is  maintained  there- 
after by  the  tool  ledger  requisition. 

As  each  job  comes  up  to  a machine  the  tools  are  ordered 
out  to  agree  with  the  tool  list  for  the  operation.  These  are 
delivered  to  the  point  of  use,  a signed  receipt  therefor  by  the 
floor  executive,  delivered  to  the  despatch  clerk  releases  the 
job  if  the  receipt  for  material  has  been  filed. 

After  tools  are  used  they  are  returned  to  the  tool  stock 
for  inspection,  shaping  of  cutting  edges  and  such  repairs  as 
are  deemed  necessary. 
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Control  of  Men 

Where  large  quantities  of  the  same  part  are  made  or 
where  the  limited  performance  of  a special  machine  is  con- 
tinuous, men  are  naturally  employed  steadily  on  limited 
work.  This  limited  work  is  not  a function  of  a particular 
kind  of  plan,  but  rather  an  economic  specialization  as  is  true 
in  all  branches  of  industrial  activity  from  the  engineer  on  a 
limited  train  to  the  farmer  at  his  plow.  The  miles  to  go  or 
the  acres  in  the  field  limit  the  time  of  change  of  application 
of  effort. 

A complete  knowledge  of  what  is  to  be  done  and  this 
taught  to  the  workmen  by  written  instruction  allows  quite 
unskilled  men  to  become  useful  productive  units.  So  many 
men  and  their  work  are  misfits  and  employing  men  for  what 
they  can  learn  to  do  and  not  for  what  they  know  makes 
rather  easy  the  task  of  the  employment  agent.  Employment 
centered  in  a representative  of  the  chief  factory  executive, 
and  discharge  possible  only  upon  the  written  approval  of 
this  executive  secures  steady  permanent  workmen.  Wages 
sufficient  to  interest  them  in  outside  investments,  work  hours 
which  allow  them  time  to  supervise  and  enjoy  such  invest- 
ment, permanency  of  employment  assuring  the  continuity  of 
this  enjoyment  aid  materially  to  stabilize  the  force  and 
assure  a steady  high  grade  output  with  much  happiness  in 
the  working  hours. 

{Example : Of  the  force  now  employed,  20%  are  over 
50  years  of  age;  5%  over  60.  The  average  age  is  3 7.  The 
average  period  of  last  employment  for  the  whole  force  is 
four  years;  for  one-half  the  force  selected,  six  years.  It  is 
evident  from  this  that  the  labor  turnover  is  very  slight.) 

Control  of  Money 

The  index  of  successful  industrial  operation  which 
makes  comparable  various  kinds  of  work  and  various  kinds 
of  control  of  the  same  is,  “money.”  I have  indicated  in  this 
connection  the  effect  of  this  work  on  investment  charges.  I 
wish  to  mention  briefly  the  effects  upon  other  prominent 
factors.  The  sale  price  of  an  improved  product  has  been 
decreased  30%,  caused  by  corresponding  decrease  in  the 
costs.  The  average  monthly  earning  of  labor  has  increased 
28%  and  is  still  rising.  Supervising,  or  indirect  costs,  have 
decreased  in  the  same  proportion  as  direct  labor  costs. 

The  control  of  money  spent  for  indirect  purposes  is 
obtained  through  a supervisor  and  estimator,  who,  working 
from  accumulated  data,  contracts,  bids,  etc.,  is  able  to  specify 


26 


Purdue  Engineering  Review 


very  closely  the  cost  of  a given  job.  After  proper  approvals 
and  the  work  is  finished,  the  frequent  checks  against  the 
work  in  process  and  the  final  result  are  referred  again  to 
the  estimate  and  the  experience  so  gained  is  applied  to  the 
next  work  of  a similar  kind. 

Conclusion  : It  has  not  been  the  writer’s  intent  to  tell 
you  all  that  can  be  told  about  the  subject  of  intensive  con- 
trol of  manufacturing  work,  but  rather  to  indicate  the  ele- 
ments which  enter  into  such  intensive  control. 

We  have  had  many  visitors  to  our  works  from  nearby 
cities  and  there  may  be  some  among  the  readers  of  the  Pur- 
due Engineering  Review,  some  whom  it  has  been  our  pleasure 
to  entertain.  They  can  bear  me  out  in  the  statement  that 
many  days  could  be  spent  over  the  details  which  enter  this 
problem  and  then  perhaps  not  clearly  analyze  the  solution 
which  we  have  made  as  compared  to  their  own  problem. 

Time,  as  has  been  mentioned,  is  such  an  essential  in  the 
carrying  on  of  a complex  business,  that  regardless  of  all  of 
the  activities  of  persons  hostile  to  time  study,  they  will  never 
stem  the  tide  of  the  flood  of  effort  and  thought  toward  a 
solution  of  this  problem  in  which  fact  will  supplant  opinion, 
and  true  knowledge  will  eliminate  the  fear  which  now  leads 
to  any  organized  opposition.  Premium  or  bonus  methods  of 
payment  are  not  essential  in  any  plan  of  Scientific  Manage- 
ment if  anything  can  be  substituted  therefor  which  will  cause 
a task  set  by  known  facts  to  be  carried  out  regularly. 

I feel  that  the  industrial  world  is  greatly  in  debt  to  Dr. 
Taylor  and  his  associates  who  have  assisted  in  the  promulga- 
tion of  these  principles,  and  although  the  way  in  which  they 
may  have  been  presented  may  not  appeal  to  some  persons, 
the  experiences  of  industries  which  have  tried  conscien- 
tiously to  carry  out  the  principles  without  change  will  sus- 
tain the  truth  of  the  statements  which  have  been  made  with 
respect  to  them. 
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Detail  of  Control  Board. 
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THE  OPERATION  OF  THE  CONTROL  BOARD 

By  M.  J.  Golden* 

Synopsis:  Supplementing:  the  explanation  of  the  control  boards  illus- 

trated in  the  preceding  article. 

George  D.  Babcock,  of  the  class  of  1904,  now  Superin- 
tendent of  Production  of  the  H.  H.  Franklin  Mfg.  Company, 
of  Syracuse,  N.  Y.,  has  developed  a method  of  inspection  of 
his  Production  Department  that  is  unique  and  exceedingly 
interesting;  a scheme  by  which  he  tells  just  the  condition  of 
any  given  order  at  a glance.  A good  idea  of  the  method  can 
be  obtained  by  a description  of  its  actual  operation  on  an 
order  at  the  time  of  the  writer’s  inspection  of  the  system. 

An  order  for  400  machines  had  just  come  in  from  De- 
troit. This  order  was  divided  into  groups  with  17  machines 
in  each  group,  as  17  machines  could  be  carried  on  simul- 
taneously with  the  apparatus  that  was  available  in  the  shops. 

A board  of  about  4 feet  x 12  feet  was  prepared  in  such 
way  that  small  blocks  of  wood  one-half  inch  square  could 
be  attached  to  the  face  of  the  board.  In  examining  the  de- 
tails of  construction,  the  particular  piece  that  took  the  great- 
est amount  of  time  was  placed  on  the  board  by  its  number 
and  letter  at  one  extremity  of  the  board  and  then  each  piece 
that  went  to  make  up  the  total  machine,  placed  on  the  board 
at  the  time  when  this  piece  must  be  started  to  have  it  fit  in 
with  the  construction  of  that  particular  group  of  machines. 

It  was  found  for  illustration  that  the  greatest  amount 
of  time  was  taken  by  one  of  the  small  pieces  that  went  to 
make  up  the  steering  post.  Then  this  piece  was  placed  at 
one  extremity  of  the  board  and  the  other  pieces  that  went  to 
make  up  the  machine  were  placed  each  in  its  proper  place  on 
the  board,  the  total  board  representing  the  time  from  the 
starting  of  the  machine  to  the  time  when  it  is  delivered  on 
the  floor. 

• 

Now  the  board  is  divided  into  time  units.  Fifteen  units 
are  taken  for  the  unit  of  division.  An  inspection  of  the  board 
will  show  when  each  piece  of  the  machine  ought  to  be  com- 
pleted to  within  this  limit  of  fifteen  minutes.  If  at  the  end 
of,  say,  four  days,  the  pieces  that  ought  to  be  completed  at 
that  time  are  not  completed  and  properly  delivered,  an  in- 
spection of  the  board  will  show  that  fact,  as  on  the  comple- 
tion of  any  given  piece,  its  letter  and  number  are  taken  from 
the  board  at  once. 


* Professor  of  Practical  Mechanics,  Purdue  University. 
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Now  in  the  orderly  procession  of  this  group  through 
the  shop,  if  any  one  piece  falls  behind,  an  inspection  of  the 
board  will  show  that  fact  at  once  because  the  block  contain- 
ing its  distinctive  mark  is  still  on  the  board,  whereas  if  the 
work  is  going  along  properly,  the  number  back  of  the  given 
date  ought  to  be  empty.  If  a piece  does  fall  behind,  provision 
is  made  for  it  by  putting  it  in  as  night  work  until  it  is 
brought  up  to  its  proper  time. 

Now,  of  course,  the  particular  feature  of  this  scheme  is 
that  a glance  at  the  board  will  tell  the  story  at  once  as  to 
whether  or  not  any  particular  order  is  coming  along  as  it 
should. 

At  a time  when  a boy  who  has  not  any  great  degree  of 
skill  starts  to  arrange  the  details  on  this  board,  there  is 
started  in  the  order  department  a full  set  of  order  cards  and 
other  necessary  instruction,  and  reports  that  go  with  this 
particular  group  in  its  progress  through  the  shop  so  that 
before  the  work  is  started  in  the  shop  there  is  prepared  an 
inspection  board  and  a complete  set  of  orders  and  instruction 
cards,  and  every  detail  of  the  work  is  anticipated. 

As  against  one  thousand  workmen  employed  in  the  shop 
in  the  production  department,  there  is  a clerical  force  slightly 
in  excess  of  one  hundred  employed  in  filling  out  order  blanks 
and  other  cards  that  go  with  the  particular  group  in  hand. 

An  idea  of  the  success  of  this  method  may  be  had  from 
these  incidents : a group  of  machines  that  had  been  in  pro- 
cess of  construction  during  seven  days  was  found  to  have 
three  small  items  that  had  dropped  behind,  and  an  inspection 
of  the  number  for  that  particular  group  showed  this  fact  at 
once,  so  that  the  manager  was  able  to  provide  for  those  three 
pieces  as  night  work  and  have  no  interruption  in  the  work 
later  at  the  time  of  assembly. 

As  an  incident  of  this  method  of  handling  work,  a line 
of  maximum  production  with  the  use  of  the  apparatus  that 
is  available  in  the  factory  is  established  after  considerable 
experiment,  and  the  effort  with  each  group  is  to  approach 
this  line. 

Mr.  Babcock  assured  me  that  except  as  he  introduces 
new  schemes  in  the  shops,  though  production  manager, 
he  is,  under  this  system,  one  of  the  least  busy  persons  in  the 
establishment,  and  an  inspection  of  the  scheme  will  develop 
at  once  why  this  is  so. 
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(Prom  Iron  Age ) 

To  be  able  to  purchase  material  so  that  it  is  ready  at  the 
logical  time  for  machining  or  assembling  or  both  and  still  main- 
tain the  most  economical  investment  of  capital;  to  be  able  to 
issue  such  as  is  machined  to  the  shop  at  the  proper  time  and  in 
most  economical  lot  sizes;  to  finish  the  parts  in  the  shortest  time 
consistent  with  good  workmanship,  and  finally  to  deliver  all  parts 
to  the  assembly  floor  and  insure  the  completion  of  the  finished 
car,  is  with  the  H.  H.  Franklin  Mfg.  Company  taken  care  of  to  a 
great  extent  by  the  Taylor  system  of  scientific  management  and 
the  control  boards  shown  are  used. 

A motor  car  consists  of,  say,  two  parts;  the  vehicle  and  the 
power  plant  or  engine  in  the  vehicle.  Taking  the  engine  and 
carrying  the  process  of  division  further,  it  will  be  seen  that  the 
engine  consists  of  several  groups  of  parts  which  may  be  called 
divisions;  these  divisions  in  turn  comprise  groups  which  may  be 
called  sections;  the  sections  are  combinations  of  still  smaller 
groups  which  may  be  called  sub-sections,  and  so  on  down  to  the 
individual  pieces.  To  illustrate,  the  carburetor  constitutes  some- 
thing which  may  be  assembled  complete  and  attached  to  the 
otherwise  complete  engine.  The  carburetor  division  may  consist 
of  three  or  four  sections  which  together  with  individual  parts  are 
assembled  and  constitute  the  complete  carburetor. 

The  boards  themselves  are  large  frames  containing  a great 
number  of  horizontal  strips.  Across  the  top  of  each  frame  is  an 
adjustable  scale.  Sliding  up  and  down  the  frame  parallel  with 
the  strips  is  a cross  piece,  or  runner,  also  having  adjustable 
scales  in  it. 

Each  horizontal  strip  has  fastened  to  it  several  blocks.  A 
small  number  of  the  strips  are  white  in  color,  while  the  majority 
are  black.  Each  black  strip  represents  one  part  required  in  a 
finished  car,  while  each  white  strip  represents  an  assembly  of 
the  parts  on  the  black  strips  immediately  above  it.  Each  of 
these  assemblies  forms  one  of  the  sub-divisions,  sections  or  divi- 
sions, previously  mentioned. 

Taking  any  one  black  strip,  it  is  noted  that  there  are  several 
blocks  attached  to  it  at  different  intervals  along  its  length.  These 
blocks  represent  each  operation  of  a finished  piece  from  the  time 
of  purchase  to  the  time  of  its  completion  ready  for  use  in  assem- 
bling the  car.  The  longer  blocks  at  the  left  hand  side  represent 
the  requisition  for  the  purchase  of  the  material  for  the  part,  the 
smaller  blocks  along  the  strip  represent  each  step  in  the  process 
of  the  part  and  the  long  strips  at  the  right  hand  end  represent 
the  finished  part.  The  spacing  of  these  blocks  and  the  length  of 
the  blocks  themselves,  is  to  a predetermined  scale,  and  bears  a 
fixed  relation  to  the  top  scale  and  sliding  scales  previously  men- 
tioned. By  means  of  numbers  on  the  blocks  themselves  and  the 
values  of  these  numbers  as  compared  to  the  numbers  immedi- 
ately above  them  on  the  top  scale,  the  information  is  given  as  to 
whether  a part  is  behind  or  ahead  of  schedule. 
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SHOP  CONTROL 

By  E.  W.  Wai^ace;* 

Synopsis:  Showing  how  the  principles  of  Scientific  Management  have 

been  successfully  applied  by  the  H.  H.  Franklin  Mfg.  Co.  to  their  automo- 
bile repair  shop  thereby  refuting  the  statement  that  this  modern  idea  in 
management  cannot  be  applied  to  industries  with  many  variables. 

At  the  suggestion  of  the  editors  the  following  remarks 
are  submitted  concerning  the  shop  control  methods  of  the 
H.  H.  Franklin  Mfg.  Company.  This  discussion  is  based 
upon  observations  made  at  the  Franklin  plant  in  Syracuse, 
upon  a number  of  conversations  with  Mr.  Babcock,  and  by 
the  information  obtained  through  a very  careful  study  of 
all  that  Mr.  Babcock  has  written  upon  the  subject  of  shop 
control. 

Before  entering  upon  a discussion  of  the  subject  the 
writer  wishes  to  congratulate  the  Review  Editors  upon  se- 
curing such  a timely  article  from  one  so  eminently  qualified 
to  write  it.  Mr.  Babcock  is  generally  recognized  as  one  of 
the  most  prominent  production  managers  who  is  practicing 
the  new  thought  in  management.  The  plant  over  which  he 
has  control  employs  more  men  than  any  other  plant  operat- 
ing under  Scientific  Management.  This  adds  emphasis  to 
any  statements  that  Mr.  Babcock  may  make  concerning 
modern  methods  of  shop  control.  The  achievements  of  Mr. 
Babcock  have  been  noteworthy.  His  work  has  been  con- 
structive and  unique.  His  control  boards  are  marvels  of 
conception  and  of  execution.  They  can  be  fully  appreciated 
only  through  a careful  study  and  observation  of  them.  Pro- 
fessor Golden  has  indicated  some  of  their  significant  points. 
This  discussion  is  not  concerned  with  the  control  boards, 
however,  but  more  particularly  with  the  methods  used  in  the 
Automobile  Repair  Shops  of  the  Franklin  Company. 

Many  have  made  the  statement  that  Scientific  Manage- 
ment may  be  all  right  for  an  industry  of  uniform  product, 
quality  and  quantity,  but  that  it  will  not  apply  in  an  industry 
when  there  are  many  variables.  This  statement  has  been 
disproven  by  actual  practice  in  the  plant  of  the  H.  H.  Frank- 
lin Mfg.  Co.,  for  in  that  plant  three  separate  and  distinct 
lines  of  activities  are  conducted : 

One : Motor  car  manufacture,  of  fairly  uniform  stand- 
ards and  requirements  as  to  design,  material  and  quantity. 


* Professor  of  Railway  Engineering,  and  Industrial  Management,  Pur- 
due University. 
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In  the  second  case  the  manufacture  of  supply  parts, 
for  repairs,  which  parts  are  subjected  to  fluctuating  de- 
mands; the  demand  varying  both  in  quantity  and  pattern. 

Thirdly,  an  automobile  repair  shop,  where  the  demand 
is  much  more  varied  than  in  either  of  the  other  two  lines  of 
activity.  It  is  questionable  whether  there  could  be  an  indus- 
try more  variable  in  its  several  aspects  than  in  the  making  of 
repairs  to  automobiles.  If  in  the  presence  of  so  many  vari- 
ables such  standards  and  methods  can  be  adopted  as  to  facili- 
tate deliveries  according  to  promise  and  at  the  same  time  re- 
duce the  cost,  then  indeed  it  may  be  said  that  the  principles 
of  Scientific  Management  are  applicable  to  almost  any  in- 
dustry. 

To  apply  the  principles  of  Scientific  Management  to  an 
automobile  repair  shop  certain  things  must  be  done ; certain 
facts  must  be  established.  One  of  the  first  things  to  be  done 
is  to  find  out  what  the  shop  can  do,  what  the  facilities  are 
and  what  the  capabilities  of  the  workmen  are. 

The  second  step  is  to  find  out  what  is  to  be  done,  and  to 
determine  the  relationship  between  the  several  operations  or 
processes. 

The  third  step  is  to  classify  the  jobs,  the  workmen  and 
to  perfect  the  organization  and  methods. 

To  determine  what  the  facilities  are  is  not  a difficult 
task,  inasmuch  as  an  automobile  repair  shop  does  not  require 
a large  assortment  of  physical  equipment.  Neither  is  it 
essential  or  feasible  to  establish  a complete  or  satisfactory 
machine  burden  in  a repair  shop  of  this  character.  Hence 
the  question  of  physical  equipment  does  not  require  a great 
deal  of  attention.  But  in  such  a shop  the  human  equipment 
becomes  of  prime  importance.  Hence  to  know  what  that 
element  of  the  shop  facilities  is  capable  of  doing  is  an  im- 
portant step.  In  the  Franklin  shop  this  was  arrived  at  by 
securing  a written  statement,  from  each  employee  in  the 
repair  shop,  of  what  he  could  do.  By  this  means  the  qualifi- 
cations of  each  man  became  known.  The  men  were  then 
classified  into  groups  as  A,  B.  and  C.  This  grouping  was 
according  to  their  ability.  If  it  was  found  that  a man  over- 
estimated or  over-stated  his  qualifications  he  was  penalized 
by  being  reduced  two  grades.  If  on  the  other  hand  it  was 
found  that  he  could  do  work  in  an  upper  grade,  and  that 
50%  of  his  time  was  spent  on  such  work,  he  was  then  pro- 
moted to  the  higher  grade. 
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According  to  the  classification  used  each  man  was  capa- 
ble of  doing  all  the  work  in  his  grade  and  also  all  the  work 
in  the  grades  below  him.  He  was  paid  the  rate  of  his  highest 
grade,  however.  An  effort  is  made  to  keep  a man  busy  in 
his  class,  for  that  is  the  work  for  which  he  is  best  fitted. 
Also  the  higher  the  grade  the  better  the  class  of  work 
assigned.  There  is  a constant  incentive,  therefore,  for  the 
men  to  want  to  be  graded  higher,  because  of  the  higher  pay, 
more  agreeable  work  and  additional  prestige.  On  the  other 
hand,  there  is  a motive  for  the  employer  to  raise  the  grade  of 
the  workmen,  because  it  makes  a more  flexible  labor  condi- 
tion and  more  contented  and  happy  workmen.  Through  this 
classification  of  labor  the  men  are  required  to  work  on  jobs 
for  which  they  are  best  fitted ; they  are  encouraged  to  push 
forward  and  are  rewarded  for  accomplishment. 

To  find  out  what  was  to  be  done  was  accomplished  by 
conferences.  In  these  conferences  the  foremen,  the  works 
manager,  and  the  superintendent  gave  their  opinions.  At 
first  the  conclusions  and  suggestions  were  very  divergent, 
but  as  time  passed  a standard  was  arrived  at  by  which  each 
operation  was  classified  and  a standard  time  set,  the  stand- 
ard time  being  established,  largely,  upon  record  of  past  per- 
formance. Having  the  men  and  the  jobs  classified  and  the 
time  required  for  each  operation  it  then  become  an  easy 
matter  to  work  out  certain  standard  methods  of  procedure. 

The  work  was  classified  into  nine  general  classes,  as 
follows : 

A.  Foremanship  and  inspection. 

D.  Road  jobs. 

G.  Tune  up  and  road  tests. 

K.  Overhauling. 

M.  Light  repairs. 

P.  Electrical  work. 

S.  Body  and  accessories 

V.  Stripping. 

X.  Washing. 

The  arrangement  of  the  classes  of  work  was  in  the 
order  of  the  ability  and  training  of  the  workmen.  A work- 
man who  could  do  Class  A work  was  also  capable  of  doing 
all  the  work  required  in  the  classes  below  A and  likewise 
for  each  class  of  workmen.  This  being  standardized,  a de- 
spatch boy  could  give  out  work  to  men  as  they  came  to  the 
window,  knowing  to  what  class  each  man  belonged. 
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For  each  elemental  operation  of  each  class  of  work, 
detailed  instructions  were  prepared  as  to  how  to  proceed,  as 
to  tools  required  and  as  to  materials  and  parts  involved.  The 
part  numbers  are  shown  on  the  instruction  card,  so  the  work- 
man loses  no  time  in  instructing  the  material  boy  as  to  what 
is  required. 

In  the  preparation  of  the  instruction  cards  the  men, 
that  is,  the  workmen,  are  encouraged  to  give  suggestions.  In 
fact  many  of  the  instruction  cards  have  been  prepared  by 
the  workmen  at  their  homes  at  night  and  at  off  hours.  For 
such  work  the  company  pays  them  liberally.  Complete  and 
detailed  records  have  been  kept  from  the  beginning  of  the 
new  order  of  things.  Through  the  study  and  analysis  of  this 
information  improvements  are  being  made  constantly. 

With  the  organization  perfected  as  outlined,  a cus- 
tomer drives  in.  The  superintendent,  with  an  inspector  and 
the  owner  makes  an  inspection  of  the  car  and  agree  upon 
what  is  to  be  done.  The  superintendent  makes  out  a route 
sheet  which  shows  the  customer’s  name  and  order  number, 
estimated  date  and  hour  of  delivery  and  a statement,  in 
paragraphs  with  symbols,  of  each  element  of  the  job.  Ac- 
cording to  the  standard  classification,  this  route  sheet  be- 
comes an  agreement  as  to  what  is  to  be  done  and  it  is  also  a 
work  order  for  the  job.  The  owner  is  given  a copy  or  one 
is  mailed  to  him  promptly.  No  work  is  done  on  the  car  that 
is  not  specified  on  the  route  sheet,  until  the  owner’s  consent 
is  obtained. 

As  the  superintendent  made  out  the  route  sheet  he  noted 
on  the  margin  the  required  time  for  each  elemental  operation 
and  the  allowance  time  between  each  operation.  With  the 
date  of  delivery  set,  the  time  to  begin  work  on  each  elemental 
operation  could  be  set,  even  to  the  hour,  in  order  to  have  the 
car  ready  for  delivery  at  the  time  specified. 

The  route  sheet  was  then  sent  to  the  planning  room, 
where  the  Route  File  Clerk  immediately  translated  the  order 
and  wrote  a job  card  for  each  operation  and  symbolized  it 
according  to  the  standard  classification.  The  job  card  con- 
sisted of  three  copies ; the  face  copy  being  a small  coupon ; 
the  second  copy  an  inspector’s  and  move  ticket ; and  the  third 
a workman’s  job  card. 

The  job  cards  were  then  put  in  boxes  in  the  despatch 
racks,  especially  arranged  as  follows : 

A special  box  was  prepared  for  each  class  of  work. 
This  box  had  two  compartments.  In  the  front  compartment 
were  placed  all  job  cards  for  the  jobs  ready  to  be  done.  In 
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the  back  compartment  were  placed  the  job  cards  that  were 
written  but  jobs  that  were  not  ready  to  be  worked  upon.  In 
the  cover  of  each  box  was  a compartment  for  the  name  of 
each  man  enlisted  in  that  class  of  work.  The  arrangement 
of  the  names  of  the  men  in  these  compartments  was  in  the 
order  of  their  ability. 

After  the  job  cards  were  written  they  were  given  to  a 
despatch  clerk  who  placed  them  in  the  correct  compartments. 
As  a man  completed  a job  he  would  turn  in  his  job  card. 
The  clerk,  knowing  to  which  class  of  work  he  was  assigned, 
handed  the  workman  the  first  job  card  in  the  box  of  his 
class.  As  the  job  cards  were  arranged  strictly  according 
to  date,  the  job  card  of  the  job  needing  the  most  immediate 
attention  would  be  given  out.  If  there  was  no  work  to  be 
done  in  the  class  to  which  the  workman  belonged  he  would 
then  be  given  the  first  card  in  the  next  lower  class.  The 
despatch  clerk  would  not  have  to  seek  authority  for  this  as 
that  is  a standing  rule  and  practice. 

If  on  the  other  hand  a job  was  urgent,  that  is,  behind 
schedule  or  the  owner  was  waiting,  then  an  urgent  tag  would 
go  on,  which  would  mean  that  the  man  who  was  ringing  in 
on  one  job  would  be  assigned  this  urgent  job,  although  it 
was  in  a class  below  his  own,  and  notwithstanding  any 
orders  that  might  be  ready  in  his  own  class.  Indeed,  an 
urgent  tag  always  implies  that  immediate  steps  must  be 
taken  to  start  some  one  to  work  on  that  job.  This  may 
mean  the  causing  of  a man  to  ring  in  on  an  assigned  job 
before  completed  and  take  up  the  urgent  one.  By  this  sys- 
tem the  schedule  is  maintained  and  the  cars  are  delivered 
according  to  date  and  hour  promised. 

An  hourly  inspection  is  made  of  the  bulletin  board.  By 
this  inspection  any  orders  behind  schedule  are  discovered 
and  an  urgent  tag  is  attached.  At  four  o’clock  each  day  the 
jobs  to  be  worked  upon  are  inspected  as  to  dates.  If  any 
of  importance  are  behind  schedule  an  urgent  card  is  placed 
upon  them.  The  bulletin  board  is  marked  to  correspond 
and  curves  are  plotted  which  show  to  the  superintendent  the 
condition  of  orders.  By  the  indications  of  these  curves  he 
is  enabled  to  better  schedule  the  work. 

As  a result  of  the  methods  briefly  discussed,  many  ad- 
vantages have  occurred : 

The  superintendent  has  time  in  which  to  meet  customers 
and  to  deal  with  them  with  satisfaction. 
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The  workmen  are  assigned  work  for  which  they  are 
best  qualified.  There  is  little  time  occupied  in  determining 
what  is  to  be  done  and  in  getting  it  done. 

The  customer  is  not  annoyed  by  not  getting  his  car 
when  promised,  as  the  schedule  is  lived  up  to  in  about  90 
per  cent,  of  the  cases  and  this  percentage  is  increasing. 

The  workmen  are  encouraged  to  reach  higher  standards 
and  to  become  fitted  to  do  a better  grade  of  work. 

The  cost  of  repairs  has  been  reduced. 

The  demands  upon  the  shop  have  become  more  uni- 
formly distributed  throughout  the  day  and  the  year.  A 
special  repair  price  of  30  per  cent,  reduction  is  given  on  all 
repairs  made  in  winter  months,  that  period  when  motor 
service  is  least. 

These  and  other  satisfactory  results  have  been  obtained, 
which  serve  to  demonstrate  that  the  principles  of  Scientific 
Management  can  be  successfully  applied  to  a shop  where 
many  variables  prevail. 


Campus  View  Purdue  University. 
Practical  Mechanics  Building  in  background. 
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WHITE  SUGAR-CANE  OR  BEET? 

By  Albert  Hugh  Bryan,  ’98.* 

Synopsis:  This  paper  presents  the  reasons  advanced  by  one  of  the 

leading  authorities  on  the  sugar  industry  in  this  country,  why  beet  sugar 
will  produce  as  satisfactory  results  as  those  obtained  from  the  use  of  cane 
sugar.  For  those  readers  who  have  been  under  the  impression  that  the 
beet  sugar  is  not  as  sweet,  that  it  prevents  the  jellying  of  fruits,  that  it 
produces  discolored  “fondant,”  and  is  generally  inferior  to  cane  sugar,  this 
article  should  produce  a changed  viewpoint. 

To  the  layman,  sugar  means  white  granulated  sugar, 
while  to  the  chemist  it  also  signifies  the  sugar,  sucrose,  which 
is  the  predominant  sugar  in  ordinary  white  sugar.  Common 
usage,  covering  many  years,  has  added  the  word  “cane”  to 
the  word  “sugar”  from  the  fact  that  the  tropical  or  semi- 
tropical  sugar  cane  produced  all  of  the  sugar  of  commerce. 
In  later  years  the  words  “Cane  Sugar”  have  been  applied 
also  to  the  white  sugar  produced  from  sugar  beets,  since  the 
two  products  seemed  identical. 

Today  it  is  an  open  question  whether  the  terming  of 
beet  white  sugar  as  cane  sugar  is  correct ; especially  is  this 
so  when  one  considers  that  white  sugar  from  beets  is  quoted 
at  from  10  to  20  cents  per  100  pounds  less  than  that  made 
from  sugar  cane,  and  also  in  view  of  the  fact  that  many 
users  of  beet  sugar  claim  that  it  is  inferior  to  cane  sugar. 
This,  however,  is  a question  of  labelling  under  the  various 
pure  food  acts. 

The  various  views  held  regarding  beet  and  cane  by 
users  of  sugar  are  interesting  and 'I  desire  to  present  a few 
of  these,  trying  to  show  their  relations  to  the  product. 

Chemically  considered,  white  sugar  from  these  two 
sources  contains  practically  the  same  percentage  of  sucrose, 
viz.,  99.5%  to  99.8%  ; the  same  percentage  of  moisture,  viz., 
.05%  to  .20%  ; the  same  percentage  of  mineral  matter,  viz., 
.05%  to  .20%,  and  the  same  percentage  of  undetermined 
matter,  viz.,  .05%  to  .20%.  Then  it  would  be  reasonable  to 
believe  that  they  have  the  same  sweetness.  However,  there 
are  persons  who  claim  that  beet  sugars  are  less  sweet  than 
cane  sugars.  The  sweetness  of  a product  is  due  to  the 
substance  itself  and  also  to  the  quickness  of  solution  in  the 
mouth.  The  ease  of  solution  is  regulated  to  a great  extent 
by  the  hardness  of  the  crystals  of  the  sugar.  A manufac- 
turer can  easily  regulate  the  temperature  of  “graining”  and 
finishing,  thereby  producing  a hard  or  comparatively  soft 
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crystal,  so  one  can  reason  back  that  beet  white  sugar  and 
cane  white  sugar  of  the  same  degree  of  purity  should  not 
differ  in  sweetness. 

As  regards  color  of  the  sugar,  some  claim  they  can 
distinguish  one  from  the  other  by  this  means.  At  the  start 
of  the  beet  sugar  industry,  the  policy  seemed  to  be  to  pro- 
duce a sugar  that  would  be  merchantable  with  no  idea  of 
standardizing  the  color,  grain,  etc.  As  a result  it  became 
popular  practice  to  “blue”  the  sugar  so  as  to  make  a market- 
able white  sugar.  In  doing  this,  many  times  the  product 
was  so  heavily  “blued”  that  on  solution  in  water  the  insoluble 
blue  (ultramarine)  came  to  the  surface  as  a scum.  This 
then  led  users  to  claim  that  beet  sugar  was  always  heavily 
blued  and  thus  inferior.  Partly  on  account  of  this  trouble, 
and  also  on  account  of  food  laws,  the  practice  of  blueing  of 
sugar,  especially  in  such  noticeable  quantities,  was  stopped. 
Today  when  blue  is  used,  it  is  in  very  small  percentages. 
Users  of  blue  claim  that  a dead  white  sugar  is  livened  by 
blue  and  it  does  not  conceal  any  inferiority  in  the  product ; 
hence  they  argue  for  its  use.  In  a general  way,  the  color 
of  a sugar  is  regulated  by  the  size,  evenness  and  clearness  of 
the  crystals.  All  of  these  can  be  regulated  in  the  boiling  of 
a sugar,  so  one  would  not  expect  to  find  any  striking  dif- 
ferences between  white  sugar  from  these  two  sources. 

Another  contention  of  users  of  sugar,  especially  among 
makers  of  jellies,  marmalades,  etc..,  which  seems  to  have 
little  weight,  is  this:  that  beet  sugar  prevents  the  jellying  of 
fruits,  also  with  its  use  there  is  a larger  percentage  of  loss 
by  fermentation  in  the  finished  products.  The  jellying 
properties  of  a fruit  juice  are  due  practically  wholly  to  its 
pectin  content.  If  this  is  not  sufficient  or  if  the  bodies  form- 
ing this  general  class  are  not  correct  ones,  no  fruit  juice  will 
congeal.  Commercial  manufacturers  often  treat  fruit  juice 
with  phosphoric  acid  or  some  other  acid  to  change  these 
pectin  bodies  into  the  proper  form  or  condition  to  produce 
a jelly.  Sugar  seems  to  play  no  part  in  this  system.  As 
regards  fermentation,  if  a certain  sugar  produces  a fer- 
mentation in  fruit,  this  evidently  is  due  to  contamination  of 
the  sugar  after  it  leaves  the  factory  and  is  not  an  inherent 
quality  of  the  sugar,  for  in  the  course  of  manufacture  of 
the  two  products  the  temperature,  which  is  high,  is  practic- 
ally the  same  in  beet  and  cane  work.  The  other  point  often 
made  in  this  connection,  viz.,  that  with  beet  sugar  the  fin- 
ished jelly  or  preserves  will  show  more  crystallization  of 
sugar  than  when  cane  sugar  is  used,  may  or  may  not  have 
weight.  Crystallization  in  the  finished  product  is  due  to  a 
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supersaturation  of  sugar.  This  supersaturation  is  just  as 
liable  to  occur  with  beet  as  with  cane  sugar  if  too  much 
sugar  has  been  used.  If,  however,  the  fruit  juice  was  acidic, 
thus  causing  a slight  inversion  or  breaking  down  to  the 
simple  sugars,  dextrose  and  levulose,  during  the  boiling, 
the  use  of  one  lot  of  sugar  might  show  crystals  in  the 
finished  product  more  than  with  another  lot,  due  to  the 
neutralization  or  partial  neutralization  of  the  acid  by 
the  salts  or  ash  in  the  sugar.  That  the  quantity  of  ash 
does  influence  the  results  is  evidenced  when  making  com- 
mercial invert  sugar  by  heating  sugar  with  a very  small 
percentage  of  acid,  in  that  certain  sugars  take  much  more 
acid  than  others  to  produce  the  same  degree  of  inversion 
with  the  same  heat  in  the  same  time.  For  inversion  pro- 
cesses, then,  a variation  in  the  content  and  kind  of  ash  may 
play  an  important  part  in  the  manufacturing  of  a product. 
One,  however,  seldom  considers  the  ash  content  of  white 
sugars  as  an  important  determination.  As  to  whether  or  not 
beet  sugars  contain,  as  a rule,  more  ash  than  cane  and  hence 
are  not  interchangeable  in  these  manufacturing  processes, 
no  one  can  say  off  hand,  as  there  are  not  sufficient  results 
available. 

The  candy  maker  is  often  heard  to  say  that  he  cannot 
use  beet  sugar  in  making  “fondant”  or  hard  white  candies 
for  the  reason  that  the  product  is  always  colored,  generally 
yellow  or  brown.  This  darkening,  which  is  evidently  pro- 
duced by  the  heat  necessary  for  concentration,  is  due  to  the 
class  of  substances  we  speak  of  as  undetermined  in  our 
general  analysis.  This  condition  may  also  result  whfen  using 
cane  sugar,  for  experimental  work  has  shown  that  some 
lots  of  cane  white  sugars  will  also  produce  dark  colored 
white  candies.  The  candy  maker,  then,  who  desires  white 
candies  has  either  to  try  out  experimentally  the  various  lots 
of  sugar  that  he  buys  or  obtain  certain  grades  for  his  work. 

These  impurities  make  themselves  felt,  or  are  the 
reason  for  the  excessive  foaming,  when  bringing  large 
batches  of  sugar  into  solution  in  water  and  they  cause  the 
varying  quantities  and  qualities  of  the  scum  noted  when 
using  varying  lots  of  sugar.  The  cloudy  appearance  of  a 
clear  sugar  syrup  after  standing  some  time  is  also  due  to 
these  impurities.  And  again,  certain  of  these  unestimated 
impurities  may  be  the  cause  of  the  bleaching  of  the  delicately 
colored  fruit  when  preserved  in  sugar  syrup,  which  is  more 
noticeable  at  one  time  than  at  another.  Whether  these  con- 
ditions are  greater  when  using  white  beet  sugar  than  when 
using  cane  sugars  needs  further  careful  demonstration. 
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These  considerations,  however,  should  open  a new  field 
of  research  which  might  lead  to  a more  careful  sugar  manu- 
facture and  to  a more  careful  and  extensive  examination  by 
the  chemist  of  the  individual  lots  of  sugar. 

In  closing,  there  is  one  point  in  this  contention  that 
often  goes  unchallenged,  viz.,  that  beet  sugar  abroad  is  used 
almost  wholly  for  all  purposes  without  any  of  these  troubles. 
Hence,  American  beet  sugar  should  do  the  same.  In  the 
United  States  beet  sugar  is  made  direct  from  the  sugar  beet 
with  a single  crystallization,  while  abroad  raw  sugar  is  made 
direct  from  the  beet  and  this  is  dissolved,  treated  in  the 
refining  process,  then  crystallized;  hence,  it  is  the  product 
of  a second  crystallization.  Second  crystallization  should 
yield  a purer  product.  It  may  or  may  not,  but  it  does  give 
a different  composition  of  impurities  in  that  class  of  unde- 
termined matter  which  the  chemist  of  today  seldom  in- 
vestigates. The  American  cane  sugar  today  is,  with  the 
exception  of  a small  amount  produced  in  Louisiana,  the 
result  of  a double  crystallization  or  has  been  made  into  raw 
sugar  and  then  refined. 
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COASTING  RECORDERS  FOR  CHECKING  ELECTRIC 
CAR  OPERATION  EFFICIENCY 

By  C.  C.  Chappelle* 

Synopsis:  Explaining  how  Coasting  Recorders  for  checking  electric 

car  operating  efficiency  have  brought  about  net  savings  of  from  $50.00  to 
$200.00  per  year,  and  how  the  most  efficient  car  speed  as  well  as  the  motor- 
man’s  pay  time  is  obtained  from  the  Coasting  Recorder  card. 

The  analysis  of  the  fundamental- principlesf  involved 
in  operating  any  given  car  and  its  equipment,  of  given  gear 
ratio,  under  given  conditions,  establishes  the  following : 

(a)  Efficiency  in  the  operation  of  a given  electric  car 
and  its  given  equipment  is  solely  dependent  upon  the  efficient 
utilization  of  certain  controlling  time-element  factors. 

(b)  The  efficient  utilization  of  these  time-element  fac- 
tors is  measured  by  the  coasting  time  and  the  per  cent, 
coasting,  for  the  varying  conditions  encountered  in  prac- 
tical operations. 

(c)  For  any  existing  or  adopted  schedule  speed,  on 
any  electric  railway,  increase  in  the  coasting  time  means  in- 
crease in  efficiency  and  a schedule  speed  to  be  economical 
must  permit  of  possible  coasting  time. 

(d)  For  a given  car  and  its  equipment,  there  is  a 
most  economical  schedule  speed,  dependent  upon  traffic  con- 
ditions and  the  relative  unit  costs  for  power  and  platform 
labor  expenses;  such  economical  schedule  speed  has  a cor- 
responding resultant  per  cent,  coasting;  if  the  schedule 
speed  approaches  the  economical  schedule  speed  for  the 
traffic  conditions,  the  corresponding  resultant  per  cent, 
coasting  shows  relatively  slight  variations  for  the  ranges  of 
traffic  conditions  usually  encountered  in  practical  operations. 

From  the  foregoing  it  is  apparent  that  the  per  cent, 
coasting,  determined  by  measuring  the  coasting  time,  is 
the  correct  relative  measure  of  efficiency  in  car  operation 
under  conditions  encountered  in  practice  and  that  the  per 
cent,  coasting  is  the  proper  basis  for  a correct  method  effi- 
ciency checking  system. 

The  Rico  Coasting  Recorder  (Fig.  i)  is  essentially  a 
clock  mechanism  of  simple  and  rugged  design,  so  constructed 
and  connected  by  suitable  electric  relay  with  the  car  wiring 
and  brake  equipment  as  to  measure  and  print  the  time  dur- 
ing which  the  car  is  in  motion  with  “power  off”  and  “brakes 
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t For  the  analysis  of  these  principles,  the  reader  is  referred  to  an 
article,  by  the  author,  in  the  Electric  Railway  Journal,  Jan.  15,  1916, 
entitled — ‘‘Fundamental  Principles  of  Car  Operation  Efficiency.” 
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off,”  or  in  other  words  the  coasting  time.  From  the  coast- 
ing time  the  per  cent,  coasting,  i.  e.,  the  ratio  of  the  schedule 
time  to  the  coasting  time  is  determined.  The  Rico  Coasting 
Recorder,  therefore,  meets  the  requisites  for  a correct  effi- 
ciency checking  system. 

The  results  obtainable  in  practical  operations  by  the 
Rico  Coasting  Recorder  utilized  as  an  efficiency  checking 
system  may  be  summarized  as  follows : 


I.  EFFECT  ON  POWER: 

1.  A saving  in  power  consumption;  the  percentage  of  sav- 

ing in  power  being  approximately  directly  propor- 
tional to  the  increased  percentage  of  coasting.  (See 
Table  I.) 

2.  A lowering  of  the  peak  on  the  power  station. 

a.  Due  to  the  decrease  in  average  power  consump- 

tion per  car  per  hour  of  operation. 

b.  Due  to  the  motorman’s  time  in  accelerating  the 

car  becoming  more  uniform  and  approximat- 
ing the  calculated  acceleration  time,  based  on 
the  motor  equipment  characteristic  perform- 
ance for  the  established  schedule  speed  and 
traffic  conditions. 

II.  EFFECT  ON  BRAKE  SHOE  MAINTENANCE: 

Due  to  saving  in  direct  brake  shoe  wear.  As  the  energy  to 
be  dissipated  in  brakes  varies  as  the  square  of  the  speed  at 
the  time  of  applying  the  brakes,  therefore,  as  a portion  of 
the  energy  stored  in  the  car  is  utilized  in  coasting,  the 
speed  at  the  time  of  applying  the  brakes  is  less,  with  a 
resultant  reduction  in  the  energy  to  be  dissipated  by  the 
brakes. 

III.  EFFECT  ON  EQUIPMENT: 

1.  Decrease  of  armature  and  other  motor  troubles  due  to 

smaller  rise  in  temperature,  resulting  from  lower 
average  amperes  passing  through  the  motor. 

2.  Decrease  in  wear  and  tear  on  equipment  in  general,  re- 

sulting also  in  saving  in  maintenance  and  renewals 
of  wheels,  gears,  etc. 

IV.  Ef’fECT  ON  RUNNING  TIME: 

The  regular  running  time  is  made  more  uniform  per  trip 
and  closely  approximates  the  schedule  running  time,  due 
to  the  system  of  checking  by  the  use  of  the  Rico  Coasting 
Recorders. 

V.  EFFECT  ON  ACCIDENTS: 

Decrease  of  accident  liability. 

a.  Due  to  lowering  of  maximum  attained  speed,  hence 

resulting  in  more  uniform  speed. 

b.  Due  to  more  uniform  braking. 
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Fig.  2. 


c.  Due  to  power  being  on  a smaller  percentage  of  the 

time,  thus  leading  to  one  less  operation  to  stop  or 
reverse  the  car  as  necessity  may  demand. 

d.  A motorman  to  obtain  maximum  coasting  time  must 

at  all  times'  be  on  the  alert  to  avail  himself  of  all 
opportunities;  therefore,  as  a natural  deduction 
the  motorman  ceases  to  be  an  automaton.  He  be- 
comes a thinking  operator  on  the  alert  at  all  times. 
Hence  under  these  conditions  accidents  to  pedes- 
trians and  traffic  vehicles  will  diminish. 
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The  consideration  of  the  principles  involved  in  the  at- 
tainment of  car  operation  efficiency  shows  that  all  the  time- 
element  factors,  determining  and  controlling  efficiency  are 
not  within  the  control  of  the  motorman.  For  illustration, 
the  motorman  has  only  part  participation  in  the  resultant 
duration  of  stops,  and  the  schedule  speed  and  number  of 
stops  are  wholly  determined  by  others  and  by  the  traffic  con- 
ditions. 

The  attainment  of  possible  efficiencies  in  car  operation 
means  in  practice  not  only  improvement  in  the  efficiency  of 
the  motorman,  for  any  existing  schedule  speeds  and  traffic 
conditions,  but  also  means  the  accomplishment  of  additional 
attainable  efficiencies  through  economical  schedule  speeds 
based  on  the  analysis  of  the  accurate  record  of  traffic  condi- 
tions for  each  hour  and  minute  of  each  car  on  every  line  or 
route  of  a railway  system. 

The  Rico  Coasting  and  Service  Recorder  (designated 
for  commercial  abbreviation  Rico  C.  & S.  Recorder)  is  a 
recent  development,  based  on  the  essential  features  of  the 
Rico  Coasting  Recorder,  modified  in  design  to  give  in  printed 
card  form  the  essential  factors  encountered  in  practical  oper- 
ations effecting  car  operation  efficiency.  Figs.  II,  III  and 
IV  show  respectively  exterior  and  interior  views  and  fac- 
simile of  record,  of  the  Rico  C.  & S.  Recorder. 

Referring  to  Fig.  IV,  from  left  to  right,  the  form  card 
record  shows  for  each  trip  of  a run  or  between  any  desig- 
nated points  for  which  the  information  is  desired,  the  fol- 
lowing : 

Column  S.  The  record  of  the  total  number  of  stops. 

Column  S.  T.  The  record  of  the  aggregate  total  time  in 
minutes  consumed  by  the  total  number  of  stops. 

Column  C.  T.  The  coasting  time  in  minutes. 

Column  R.  T.  The  actual  total  running  time  in  minutes, 
including  in  such  total  the  aggregate  stopping  time. 
(Column  S.  T.) 

Column  Badge  No.  The  badge  number  of  the  motorman 
operating  the  car  when  the  record  was  obtained. 

Column  Car  No.  The  number  of  the  car  on  which  the 
record  was  taken. 

Column  Trip  No.,  at  the  extreme  right,  is  self-explana- 
tory. It  acts  as  a guide  and  gage  to  the  motorman 
for  placing  the  records  consecutively  on  the  form 
card. 

The  columns  S.,  S.  T.,  C.  T.  and  R.  T.  are  totaled  for 
the  motorman’s  daily  operation  and  entered  as  indicated. 

The  form  card  can  be  arranged  with  space  at  the  bot- 
tom, as  shown  in  Fig.  IV,  for  entry  by  the  time  clerk  of  the 
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motorman’s  pay  time,  for  the  day.  This  entry  can  be  made 
by  the  time  clerk,  or  by  an  automatic  time  clock,  showing  the 
day  of  the  month  and  the  motorman’s  exact  time  on  and  off 
duty,  leaving  only  the  footing  of  his  automatic  record  of  pay 
time  to  be  entered  by  the  time  clerk,  as  shown  on  Fig.  IV. 
This  particular  motorman’s  total  pay  time  for  November  25, 
1915,  was  580  minutes  or  9 hours  and  40  minutes  for  the 
day. 

The  Rico  C.  & S.  Recorder,  it  is  apparent,  possesses  all 
the  advantages  and  results  obtainable  from  the  Rico  Coast- 
ing Recorder,  but  it  also  makes  available  for  utilization  in 
the  determination  of  economical  schedule  speeds  and  for 
analysis  of  the  equities  of  standards  for  service,  the  con- 
stant, accurate  and  automatic  record  of  the  vital  factors  of 
varying  traffic  conditions. 

The  operations  required  to  obtain  the  record  are  quickly 
made  and  “fool-proof.”  In  making  the  record,  all  the  type 
dials  return  to  zero  position  for  each  dial  after  making  each 
trip  or  desired  period  record,  thus  facilitating  the  clerical 
work  required  in  making  any  desired  footings  for  analysis. 
As  the  record  is  on  a card,  it  is  more  convenient  for  hand- 
ling, reference  and  preservation  than  the  tape  form  record 
used  in  the  Rico  Coasting  Recorder. 

With  the  Rico  C.  & S.  Recorder  record  available,  the 
correct  measure  of  the  motorman’s  efficiency  is  not  only 
shown  by  his  per  cent,  coasting,  but  the  data  are  available  to 
check  his  actual  efficiency  with  the  obtainable  efficiency  for 
the  schedule  speed  under  the  recorded  traffic  condition  fac- 
tors. 

The  Rico  C.  & S.  Recorder  removes  the  construction  of 
economical  schedule  speeds  from  the  realm  of  experimental 
determination  and  guess-work,  as  the  data  are  available  for 
the  schedule  builder  to  determine  the  economical  schedule 
speeds  which  will  fit  the  available  equipment  for  the  actual 
traffic  conditions. 

The  Rico  C.  & S.  Recorder  records  make  available  the 
data  for  determination  of  the  suitability  of  the  gear  ratio  of 
the  equipment  from  the  record  of  the  traffic  condition  re- 
quirements. 

The  records  of  the  number  of  stops  and  duration  of 
stops,  in  connection  with  the  passenger  record  data,  can  be 
utilized  to  determine  the  efficiency  in  practical  operations  of 
entrance-door  designs,  step  heights,  seating  arrangements, 
etc.,  thus  giving  definite  data  for  determining  their  adoption. 
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Fig.  3. 


Similarly,  the  adaptability  and  advantages  of  high  efficiency 
bearings,  methods  for  lubrication,  etc.,  can  be  checked,  hav- 
ing the  schedule  running  time,  coasting  time,  etc.,  obtainable 
therewith  in  automatically  printed  record  from  the  car  or 
cars  so  equipped  for  comparison  with  similar  records  on  the 
existing  car  equipment. 

The  consideration  of  the  record  (Fig.  IV)  from  the 
Rico  C.  & S.  Recorder  will  doubtless  suggest  to  operating 
executives  its  availability  for  checking  many  other  features 
encountered  in  practice. 
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The  result  of  interest  to  the  operating  executive  staff 
of  a railway  is  the  largest  practicable  reduction  of  power  at 
the  source  of  supply,  where  the  cost  of  power  originates. 
Such  result  can  be  obtained  only  by  a constant  and  consistent 
checking  of  the  motorman’s  efficient  utilization  of  the  con- 
trolling time-element  factors. 

The  efficient  utilization  of  the  controlling  time-element 
factors  is  relatively  correctly  measured  for  any  and  all  con- 
ditions of  practical  operation  by  the  coasting  time;  any  in- 
crease in  coasting  time  (with  schedule  speed  maintained) 
means  more  efficient  utilization  of  the  controlling  time-ele- 
ment factors  and  consequently  a reduction  in  power. 

When  equipped  with  the  Rico  Coasting  Recorder  or 
Rico  C.  & S.  Recorder  Efficiency  Checking  System,  the 
motorman  (maintaining  schedule  speed)  has  to  deal  only 
with  the  increase  of  his  coasting  time,  which  is  automatically 
recorded  in  printed  form  for  each  trip.  Thereby,  he  obtains 
the  correct  relative  measure  of  existing  efficiency — a guide 
and  monitor  for  him  and  record  data  for  the  executive  staff 
to  compare  with  possible  efficiency. 

The  operating  results  of  more  than  8,000  cars  (on 
thirty-seven  railways)  whose  operations  are  checked  with 
the  Rico  Coasting  Recorder  efficiency  checking  system,  are 
available.  These  results  show  10%  to  25%.  reduction  in  the 
power  used  for  traction  purposes,  15%  to  45%  reduction  in 
brake  shoe  maintenance  and  a material  though  less  tangible 
reduction  in  motor  equipment  maintenance  and  accident 
liability. 

The  results  obtained  by  railway  companies  utilizing  the 
Rico  Coasting  Recorder  efficiency  checking  system,  show  net 
savings,  after  deducting  maintenance  and  operating  expenses 
for  the  Rico  equipment,  ranging  from  $50.00  to  $200.00  per 
car  per  year,  dependent  upon  the  conditions  of  operation,  the 
cost  of  power,  etc.  The  analysis  of  results  obtained  in  prac- 
tice indicate  that  for  the  conditions  of  the  average  company, 
approximately  the  entire  cost  of  the  Rico  Coasting  Recorder 
equipment  can  be  saved  each  year  of  its  operation.  The 
utilization  of  the  Rico  C.  & S.  Recorder  now  offered  for 
commercial  use  should  make  possible  even  greater  net  sav- 
ings. 

Nearly  two  score  of  electric  railways  utilizing  the  Rico 
Coasting  Recorder  as  an  efficiency  checking  system,  repre- 
sent the  widest  possible  range  of  topography,  of  speed,  of 
congestion  in  traffic,  car  and  train  service,  and  of  labor  con- 
ditions. 
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The  success  and  practicability  of  the  Coasting  Recorder, 
therefore,  is  independent  of  local  physical  and  operating  con- 
ditions. It  is  easier  to  create  than  to  maintain  enthusiasm ; 
the  Coasting  Recorder  not  only  creates  but  maintains  en- 
thusiasm. 

Table  I 

The  Ratio  of  increase  “Per  cent.  Coasting”  to  decrease 
“Per  cent.  Power”  has  been  determined  by  carefully  con- 
ducted tests,  under  actual  conditions  of  operation,  upon 
metered  sections  or  systems  of  several  typical  railway  com- 
panies, covering  widely  divergent  operating  conditions,  as 
follows : 

Ratio  of  Increase  Per 


Cent.  Coasting  to 

NAME  OF  ROAD  Decrease  Per  Cent. 

Power 

San  Francisco-Oakland  Term.  Rwy 1% — 1.22%  Saving 

Denver  Tramway  Company : 1% — 1.1  % Saving 

Pacific  Electric  Railway 1% — 1.06%  Saving 

Met.  West  Side  “L” — Chicago  1% — 0.98%  Saving 

Bay  State  Street  Railway  1% — 1.05%  Saving 

Washington  Railway  & Elec.  Co 1% — 1.02%  Saving 

Northern  Texas  Traction  Co 1% — 1.2  % Saving 

Los  Angeles  Railway  Co 1%— 1.07%  Saving 

Empire  United  Railways  1% — 0.78%  Saving 

Milwaukee  Elec.  Ry.  & Lt.  Co 1% — 1.07%  Saving 

San  Antonio  Trac.  Co 1% — 0.99%  Saving 

Boston  Elevated  Railway  Co. — Surface  1% — 1.09%  Saving 

Elevated  1% — 0.94%  Saving 

Syracuse  Rapid  Transit  Co 1% — 1.19%  Saving 

Interborough  Rapid  Transit  Co 1% — 0.91%  Saving 

Chicago  Rys.  Co. — (Surface)  1%— 0.91%  Saving 


The  above  ratios  obtained  from  actual  tests  appear 
slightly  higher  than  the  ratios  indicated  from  several  Speed 
Time  and  Power  Diagram  analyses.  It  should  be  borne  in 
mind,  however,  such  analyses  assume  constant  voltage  con- 
ditions, while  in  practice  the  decreased  power  resulting  with 
coasting  causes  less  voltage  drop  and  hence  corresponding 
improved  voltage  conditions,  with  consequent  improved 
changes  in  the  motor  performance  for  such  actual  conditions 
of  operation,  thereby  probably  resulting  in  a higher  ratio 
obtainable  in  actual  operation. 
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PLANS  OF  THE  AMERICAN  ASSOCIATION  OF 
ENGINEERS 

By  A.  H.  Krom,  ’10* 

Synopsis:  An  article  presenting:  the  efforts  of  the  American  Associa- 

tion of  Engineers  to  raise  the  standard  of  ethics  of  the  engineering  pro- 
fession, and  to  promote  the  economic  and  social  welfare  of  engineers. 

In  the  early  part  of  December,  1914,  a few  Chicago 
engineers  met  to  discuss  the  Economic  Problems  of  the  En- 
gineer, the  principal  topic  being  that  the  average  engineer 
was  underpaid  and  that  a strong  organization  was  necessary 
in  order  to  gain  proper  recognition.  Within  a short  time 
many  representative  engineers  from  all  branches  of  the  pro- 
fession were  interested  and  the  study  of  this  great  movement 
was  taken  up  through  well  directed  energy  by  means  of  a 
temporary  organization  until  our  charter  was  received  from 
the  State  of  Illinois  in  May,  1915.  Many  valuable  ideas 
were  gained  from  the  records  of  the  “German  Society  of 
Technical  Men  Employed  in  the  Industries,”  and  our  plans 
as  well  as  the  number  on  the  membership  list  became  greater 
until  a great  speed  was  gained  for  the  movement  during  the 
three  months  previous  to  the  First  National  Convention  in 
December. 

The  subject  of  ways  and  means  to  bring  about  a greater 
appreciation  of  the  engineering  profession  and  the  services 
of  the  engineer  to  the  community  and  to  the  nation  has  been 
given  increasing  attention  during  recent  years  and  has  been 
discussed  at  meetings  of  the  various  engineering  societies 
and  in  the  technical  press.  Due  to  the  size  of  this  profes- 
sional task,  the  other  societies  which  are  busy  with  their  re- 
spective technical  problems,  have  not  undertaken  this  great 
work,  therefore  it  remains  for  this  body  of  all  engineers  to 
take  up  the  “human”  problems  and  to  advance  the  material 
and  social  welfare  of  engineers  as  a profession. 

It  is  a well  known  fact  that,  while  wages  and  salaries 
in  practically  every  other  line  of  work,  from  day  laborer  to 
bank  president,  have  increased  greatly  within  the  past  few 
years,  there  has  been  no  similar  rise  in  the  compensation  of 
engineers.  The  salary  of  the  average  detail  engineer  is  less 
than  that  of  the  average  union  tradesman,  or  skilled  me- 
chanic, while  on  the  other  hand  he  is  forced  to  live  on  a 
higher  social  plane,  so  that  his  expenditures  are  almost  equal 
to  his  income.  Now  let  every  technical  graduate  be  fair  with 

♦Engineer  in  charge  of  the  Chicago  Office,  State  Public  Utilities  Com- 
mission of  Illinois. 
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himself!  What  return  above  a fair  living  are  you  making 
on  your  engineering  education,  if  you  consider  it  as  a busi- 
ness investment? 

It  is  to  correct  this  condition  of  affairs  and  to  render 
other  equally  important  services  to  the  profession  that  this 
Association  was  formed.  The  keynote  of  success  is  co- 
operation. 

The  American  Association  of  Engineers  will  be  devoted 
to  the  best  interests  of  the  average  engineer  of  good  stand- 
ing. Not  to  elevate  the  already  elevated  but  to  bring  up  the 
standing  of  the  rank  and  file  to  that  attained  in  other  pro- 
fessions. We  solicit  the  support  of  the  professor,  the  big 
engineers  and  employers  of  engineers  and  aim  to  command 
their  respect  through  our  services  and  objects  and  in  the 
course  of  due  time  secure  the  same  standing  for  the  engi- 
neering profession  as  that  enjoyed  by  the  legal,  medical  and 
military  professions — material  compensation,  consideration, 
and  self-respect. 

Our  objects  are:  To  raise  the  standard  of  ethics  (stop 
knocking — begin  boosting  by  co-operation)  of  the  engineer- 
ing profession  and  to  promote  the  economic  and  social  wel- 
fare of  engineers : 

ist.  By  affording  means  for  the  interchange  of  infor- 
mation— read  the  standard  publication,  “The  Monad.” 

2nd.  By  maintaining  a national  service  clearing  house 
for  engineering  service,  where  each  member  will  be  classified 
as  to  education,  training  and  experience  by  the  Qualifications 
Committee  and  employers  may  refer  their  wants  in  the  tech- 
nical vocations  to  our  Secretary  who  will  send  out  confiden- 
tial notices  to  all  men  who  are  qualified.  Employers  will  be 
listed  and  members  may  make  application  for  employment 
directly  or  through  the  Secretary.  New  work  in  all  lines 
will  be  carefully  listed  in  the  Secretary’s  office  and  all  im- 
portant undertakings  which  require  men  skilled  in  the  vari- 
ous arts  will  be  printed  in  “The  Monad”  or  its  supplements, 
which  each  member  will  receive.  New  positions  will  be 
created  by  direct  efforts  of  the  Association’s  representatives. 

3rd.  By  affording  patent  and  legal  advice — a new  field 
for  associated  effort.  Eew  technical  men  fully  understand 
the  constitutional  rights  of  inventors;  what  a patent  right 
really  is  or  what  rights  an  employer  has  in  connection  with 
development  work  performed  by  his  employees.  Valuable 
education  in  this  direction  may  be  gained  from  the  Associa- 
tion and  its  publications. 
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4th.  By  supervision  of  legislation — an  activity  of  the 
greatest  importance,  not  only  to  the  men  engaged  in  profes- 
sional work  of  a technical  character  but  to  the  public  in 
assisting  legislators  of  the  various  state,  municipal  and  na- 
tional bodies  to  treat  big  subjects  with  scientific  enlighten- 
ment and  to  place  men  who  have  technical  ability  in  charge 
of  all  public  enterprises  where  technical  skill  will  apply  to 
gain  greater  safety,  economy  and  capacity  for  public  wel- 
fare. Incidentally,  the  result  will  be  to  clear  the  field  of  its 
incompetents  who  infest  political  places  and  secure  those 
places  for  the  qualified  engineer. 

•5th.  By  proper  publicity.  To  educate  the  public  is  no 
easy  task,  but  if  every  man  will  co-operate  with  the  press 
bureau  and  at  the  same  time  be  a walking  disciple  for  the 
cause  of  being  a living  illustration  of  competent  intelligence, 
worthy  of  better  recognition,  the  result  is  bound  to  be  eleva- 
tion of  the  standards  by  which  we  are  to  be  gauged — socially 
and  financially. 

The  American  Association  of  Engineers  being  primarily 
an  association  to  gain  better  recognition  for  the  technical 
profession  must  base  its  activities  upon  the  personal  qualifi- 
cation of  its  individual  members. 

Associate  membership  is  given  to  all  of  those  who  are 
not  directly  engaged  in  technical  pursuits,  or  those  who  may 
have  a desire  to  assist  in  the  elevation  of  the  profession  in 
other  directions  than  the  Certification  and  Employment  Pro- 
motion (Service  Clearing  House)  Departments. 

Certified  membership,  according  to  our  Constitution, 
may  be  extended  to  any  citizen  (or  one  who  has  taken  oath 
of  intention  to  become  a citizen)  of  the  United  States  of 
America,  of  good  moral  character,  who  is  engaged  in  any 
branch  of  the  sciences  or  technical  arts,  who  shall  be  a 
graduate  of  any  recognized  technical  school  or  college,  who 
shall  have  had  not  less  than  two  years’  practical  experience 
subsequent  thereto,  or  who  shall  in  lieu  thereof,  have  had 
five  (5)  years’  practical  experience  in  engineering  work.  It 
is  assumed  that  the  applicant  who  has  five  years’  practical 
experience  as  an  engineer  must  have  acquired  sufficient  tech- 
nical knowledge  to  enable  him  to  fill  his  position  to  the  satis- 
faction of  his  employer. 

The  Monthly  Bulletin  will  in  addition  to  giving  a review 
and  listing  the  technical  articles  appearing  in  Trades  and 
Scientific  Journals,  devote  a large  part  of  its  space  to  an  out- 
line of  interesting  achievements  of  its  members  and  their 
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employers  with  a view  to  promoting  their  interests  individ- 
ually and  collectively.  This  Bulletin  will  also  present  papers 
written  by  our  members  on  subjects  of  professional  ethics, 
patent  law  and  comments  on  evils,  uncomplimentary  and  un- 
just conditions  which  may  exist  in  the  industries,  educational 
institutions  and  civic  organizations  where  the  technical  pro- 
fession is  affected,  from  the  position  of  draftsman  to  con- 
sulting engineer.  No  attempt  will  be  made  to  regulate  or 
stipulate  salaries  of  members,  but  where  practical,  rates  for 
consulting  services  and  classified  engineering  work  such  as 
investigations,  researches,  analysis  and  estimates  of  costs 
requiring  professional  services  to  the  general  public  will  be 
classified  and  schedules  of  adopted  minimums  will  be  issued 
for  the  benefit  of  both  the  public  and  the  profession  at  large. 

To  summarize  the  certification  of  engineers  by  the  A.  A. 
E.,  it  is  the  fundamental  channel  through  which  we  will  ele- 
vate the  standard  of  both  compensation  and  ethics  of  the 
profession : 

First : By  establishing  and  demonstrating  the  recogniz- 
able worth  of  engineers  in  the  various  fields  of  industry. 

Second : By  eliminating  the  mediocre  incumbent  of 

positions  requiring  engineering  skill  and  substituting  there- 
for men  of  such  ability  as  will  redound  to  the  elevation  of 
the  engineering  profession  through  the  element  of  efficiency. 

Third : By  assisting  men  with  engineering  qualifica- 

tions into  positions  where  their  skill  will  become  productive 
and  recognized. 

Fourth : By  associating  in  a co-operative  spirit  and 

willing  action,  shedding  upon  the  world  a light  representing 
usefulness  to  ourselves  as  well  as  to  the  industries  to  which 
engineering  is  but  a servant  in  the  interest  of  a better  world. 

In  conclusion,  the  seven  following  features  as  printed 
by  the  Chicago  daily  papers  might  be  noted : 

1.  Formed  6 months  ago  by  300  Chicago  engineers 
drawn  from  the  various  engineering  departments  of  the  City 
of  Chicago,  State  and  Federal  governments  as  well  as  those 
large  industrial  enterprises  employing  engineers  in  Chicago 
as  for  example  the  railroads,  electric  light,  telephone  com- 
panies, etc. 

2.  Formed  for  the  purpose  of  bringing  a closer  rela- 
tionship between  the  employer  of  engineers,  the  employee 
and  the  public.  Example’.  Six  or  seven  of  the  large  rail 
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roads  entering  Chicago  are  spending  millions  on  improve- 
ments, of  which  the  public  knows  little  and  about  which  as 
citizens  they  ought  to  be  better  informed.  This  is  due  to  the 
fact  that  the  newspaper  man  can  not  be  expected  to  under- 
stand technical  problems  and  hence  is  not  interested  enough 
to  cover  the  job.  The  American  Association  proposes  to 
prepare  such  information  periodically  for  the  press  as  they 
will  use  in  regard  to  big  construction  in  the  various  parts  of 
the  United  States.  In  Chicago  in  particular  there  are  25  to 
30  big  construction  projects  which  the  laymen  public  would 
be  more  interested  in  knowing  than  they  would  in  the  large 
space  alloted  to  atrocities. 

3.  This  is  the  first  national  engineering  organization 
in  the  United  States  to  have  as  members  engineers  drawn 
from  all  fields,  such  as  civil,  mechanical,  electrical,  chemical, 
etc. 

4.  This  is  the  first  national  engineering  organization 
in  the  United  States  to  take  up  the  welfare  of  the  engineer 
and  to  try  and  put  the  engineer  in  touch  with  the  job  and 
the  job  with  the  engineer  free.  They  have  placed  100  men 
with  jobs  ranging  up  to  $6,000. 

5.  This  is  the  first  national  organization  in  the  United 
States  to  attempt  to  make  a stand  against  the  policy  of  politi- 
cal machines  appointing  doctors,  dentists,  butchers,  and  bar- 
keepers to  engineering  positions  requiring  the  skill  and  exer- 
cise of  mature  and  seasoned  technical  judgment. 

6.  This  organization  already  has  chapters  in  the  pro- 
cess of  formation  in  19  cities.  The  seed  is  being  sown,  and 
the  product,  it  is  hoped,  will  mean  a membership  of  20,000 
engineers  by  June,  1916.  There  are  100,000  engineers  of  all 
branches  in  the  United  States.  The  largest  national  organ- 
ization for  one  branch  alone  is  the  American  Society  of 
Civil  Engineers  with  about  7,500  members. 

7.  During  the  First  National  Convention  held  in  Chi- 
cago, December  10  and  11,  amendments  were  made  so  that 
engineering  students  may  obtain  Junior  Memberships  and 
receive  practical  business  training  while  in  school,  and  then 
after  two  years’  experience  in  the  profession,  they  can  gain 
full  memberships  without  the  payment  of  an  initiation  fee. 
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EXPANSION  AND  CONSTRUCTION  JOINTS  IN 
REINFORCED  CONCRETE  VIADUCTS 

By  A.  B.  Cohen,  ’05* 

Synopsis:  Are  expansion  joints  necessary  and  on  what  types  of  con- 

crete construction? 

What  has  been  the  experience  of  the  D.  L.  & W.  Ry.  with  expansion 
joints  on  the  several  large  viaducts  recently  constructed  on  their  system? 

These  questions  and  others  pertaining  to  the  details  of  expansion  and 
construction  joints,  Mr.  Cohen  answers  in  this  article. 

Second  only  in  importance  to  the  determination  of  the 
most  economical  sections  in  reinforced  concrete  design  of 
any  magnitude,  is  the  detail  of  expansion  joints  and  follow- 
ing this  consideration  closely,  is  the  location  of  the  construc- 
tion joints.  These  details  are  so  important  that  it  sometimes 
becomes  necessary  to  waive  economic  considerations  in  order 
to  properly  provide  for  stresses  due  to  temperature  changes ; 
to  proportion  sections  for  construction  consistent  with  the 
daily  capacity  of  the  plant  thus  precluding  the  possibility  of 
stopping  work  at  a critical  point  that  would  impair  the 
strength  of  an  important  member. 

Expansion  joints  are  unnecessary  in  bridges  of  about 
one  hundred  feet  in  length.  The  slight  movement  due  to 
temperature  changes  is  taken  up  by  the  elasticity  of  the 
structure.  For  greater  lengths,  the  movement  due  to  these 
changes  becomes  appreciable  and  owing  to  the  low  tensile 
strength  of  concrete,  expansion  joints  dividing  the  structure 
into  smaller  units  are  necessary  to  prevent  dangerous  and 
unsightly  cracks. 

There  is,  however,  a type  of  reinforced  concrete  con- 
struction known  as  the  flat  slab  system  which  has  been  used 
for  viaducts  of  great  length  without  resorting  to  expansion 
joints.  Eighteen  and  one-half  acres  of  ground  were  cov- 
ered by  this  type  of  design  in  the  construction  of  the  “Soo 
Line”  Terminal  at  Chicago.  The  Delaware,  Lackawanna  & 
Western  Railroad  has  just  completed  a combination  viaduct 
and  station  of  similar  design,  in  eliminating  the  grade  cross- 
ings by  track  elevation  through  South  Orange,  New  Jersey. 
This  system  has  also  been  adopted  for  an  elevated  structure 
supporting  seven  tracks  in  the  Lackawanna  Terminal  im- 
provements now  under  way  at  Buffalo,  New  York.  The 
structure  will  be  150  feet  in  width  and  1,000  feet  in  length. 

The  flat  slab  system  consists  of  a slab  of  uniform  cross- 
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section,  supported  on  columns  forming  panels  20  to  30  feet 
square.  There  are  no  beams  or  girders  and  the  loads  are 
carried  from  the  slab  directly  to  the  columns.  Because  of 
the  uniform  cross-section,  the  slab  can  be  effectively  rein- 
forced for  changes  in  length  due  to  temperature  variations, 
by  inserting  steel  bars  to  maintain  a constant  tensile  strength 
throughout  and  particularly  across  the  construction  joints. 
Since  steel  and  concrete  have  approximately  equal  rates  of 
expansion,  no  amount  of  steel  would  prevent  cracks  result- 
ing from  the  temperature  changes.  The  steel,  however,  pre- 
vents cumulative  action  of  the  stress  at  any  particular  sec- 
tion and  distributes  the  strain  uniformly,  resulting  in  an 
infinite  number  of  minute  cracks.  Our  experience  with  this 
type  of  construction  does  not  extend  over  a sufficient  length 
of  time  to  ascertain  definitely  what  effect  the  repeated  action 
due  to  temperature  changes  will  eventually  have  on  the 
strength  of  the  structure.  Very  close  observations  of  exist- 
ing structures  of  flat  slab  construction  without  expansion 
joints  have  disclosed  no  deleterious  effect  due  to  these 
causes. 

In  concrete  viaducts  consisting  of  a series  of  arches, 
surmounted  by  transverse  spandrel  walls  supporting  a floor 
system,  or  in  viaducts  of  the  column,  beam  and  slab  design, 
the  temperature  changes  are  of  more  vital  consequence.  In 
the  case  of  the  beam  and  slab  design,  the  constituent  mem- 
bers have  different  sections  and  therefore  offer  varying  de- 
grees of  tensile  resistance.  There  arises  the  difficulty  of 
transferring  the  movement  due  to  temperature  from  the 
larger  through  the  smaller  members,  as  from  the  deep  beams 
through  the  thin  slabs.  In  the  arch  type,  the  very  appreci- 
able vertical  movement  of  the  heavy  arch  ring,  for  a rise 
and  fall  of  temperature,  is  transferred  to  the  comparatively 
light  floor  system,  which  must  also  resist  its  own  movement 
in  a horizontal  plane.  These  movements  cannot  be  resisted 
by  the  addition  of  any  amount  of  steel,  and  expansion  joints 
must  therefore  be  provided. 

In  1911,  the  Delaware,  Lackawanna  & Western  Rail- 
road completed  two  large  concrete  structures  known  as  the 
Delaware  River  and  Paulins  Kill  viaducts  (see  plate  1)  on 
a 28-mile  revision  of  the  main  line  across  the  western  part 
of  New  Jersey.  In  connection  with  the  design  of  these 
structures,  after  an  extended  investigation  had  been  made 
of  existing  structures  of  similar  type,  it  was  decided  to  con- 
struct the  viaducts  without  expansion  joints  in  the  floor 
system.  No  precise  data  could  be  obtained  at  that  time 
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concerning  the  extent  of  the  seemingly  small  rise  and  fall 
of  the  existing  arches.  It  was  thought  that  most  of  the 
cracks,  attributed  to  temperature  changes,  were  due  to 
shrinkage  of  the  concrete  in  the  first  few  months  of  con- 
struction and  that  if  the  viaducts  with  foundations  carried 
to  rock  were  built  in  such  a manner  as  to  minimize  this 
action,  the  expansion  joints  could  be  eliminated. 

The  plan  and  sequence  of  construction  were  outlined  in 
the  following  manner:  the  main  arch  rings  were  built  in 
voussoir  blocks  about  ten  feet  in  length  measured  along  the 
axis  of  the  arch  ring  and  spaced  two  feet  apart.  The  blocks 
were  allowed  to  set  seven  days  before  the  two  foot  openings 
or  keys  were  poured  and  twenty-eight  days  after  the  last 
key  was  poured  the  arch  center  was  removed.  This  elimin- 
ated an  undue  settlement  of  the  arch  ring  due  to  shrinkage 
and  the  theoretical  crown  elevation  for  which  the  arch  was 
designed  was  further  insured  by  cambering  the  arch  center 
for  its  deflection  under  the  ring  load.  No  part  of  the  floor 
system  was  built  until  the  arch  centers  had  been  removed. 
The  floor  was  built  in  alternate  sections,  but  the  reinforcing 
steel  in  the  slab  was  continuous  for  the  full  length  of  the 
viaduct,  which,  in  conjunction  with  the  elasticity  of  the 
superstructure,  was  deemed  adequate  to  resist  the  rise  and 
fall  of  the  arch  ring  without  the  formation  of  large  cracks. 
It  was  expected  that  a number  of  small  cracks  would  result 
from  this  movement,  but  these  were  not  considered  so  objec- 
tionable as  the  leaky  expansion  joints  that  were  in  evidence 
on  most  of  the  structures  inspected. 

An  examination  of  the  Delaware  River  and  Paulins  Kill 
viaducts,  after  they  had  been  in  service  for  some  time,  dis- 
closed the  fact  that  large  transverse  cracks  had  formed  at 
the  crown  of  each  of  the  two  spandrel  arches  adjacent  to 
every  pier  of  the  viaduct.  This  indicated  that  there  had 
been  a drop  of  the  main  arch  rings  due  to  fall  in  tempera- 
ture. (See  Plate  II).  Over  the  crown,  the  spandrel  arches 
were  in  compression  and  no  cracks  developed  while  those 
adjacent  to  the  pier  were  in  tension.  It  may  be  here  noted 
that  the  floor  system  was  built  during  the  summer  months 
and  therefore  the  movement  in  the  main  arch  ring  due  to 
rise  in  temperature,  would  bring  the  floor  system  back  to  its 
normal  position,  or,  if  there  were  a movement  beyond  this 
it  would  be  so  slight  as  to  make  its  effect  on  the  floor  system 
directly  over  the  crown  negligible,  as  compared  with  the 
effect  of  a fall  in  temperature  on  the  floor  adjacent  to  the 
piers. 
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In  view  of  the  above  observations,  it  was  decided  in  de- 
signing the  Tunkhannock  and  Martins  Creek  viaducts,  re- 
cently completed  on  another  revision  of  the  main  line  west 
of  Scranton,  Pa.,  that  expansion  joints  were  necessary  in 
the  floor  system  at  the  piers  and  quarter  points  of  every 
span.  The  quarter  points  of  the  span  are  approximately  the 
points  of  contraflexure  in  the  arch  ring.  For  a fall  in  tem- 
perature the  extrados  of  the  arch  ring  between  the  points 
of  contraflexure  is  in  compression,  beyond  these  points  in 
tension  and  vice  versa  for  a rise  in  temperature.  The  ex- 
pansion joints  divide  the  superstructure  into  three  parts, 
separated  at  the  points  of  contraflexure,  each  section  acting 
in  compression  or  tension  as  the  case  may  be.  This  arrange- 
ment has  proved  successful  for  both  viaducts,  which  have 
been  exposed  to  the  entire  range  of  temperature. 

In  the  detail  of  the  expansion  joints,  it  is  imperative 
that  a minimum  amount  of  sliding  surface  be  provided, 
otherwise  the  frictional  resistance  becomes  greater  than  the 
tensile  strength  of  the  floor,  which  would  cause  cracks  to 
develop  adjacent  to  the  so-called  expansion  joints.  The 
sliding  surfaces  of  the  expansion  joints  of  the  big  viaducts 
were  lubricated  by  an  asphaltic  membrane.  The  drainage  is 
prevented  from  percolating  through  the  joints  by  dykes 
built  across  the  floor. 

As  previously  stated,  the  construction  joints  should  be 
given  careful  consideration.  It  is  a necessary  precaution, 
in  concrete  design,  to  indicate  the  construction  joints  on 
the  plans,  in  order  to  guide  the  foreman  or  super- 
intendent who  is  frequently  unfamiliar  with  the  theory  of 
design.  Otherwise,  a joint  might  be  placed,  for  example, 
at  a point  of  maximum  shear,  or  at  the  junction  of  the  stem 
and  flange  of  a T beam.  The  massive  solid  piers  of  the 
Tunkhannock  Creek  viaduct  were  scored  horizontally  by 
nailing  strips  of  moulding  to  the  inside  of  the  forms.  These 
strips  mark  the  construction  joints  four  feet  apart.  Each  of 
these  sections  contains  234  cubic  yards,  which  is  approxi- 
mately the  eight-hour  capacity  of  a two-yard  mixer.  For 
the  reinforced  sections  of  the  viaduct,  the  length  of  the  re- 
inforcing rods  was  so  fixed  that  only  the  required  lap 
projected  beyond  the  construction  joints,  obviating  the  neces- 
sity of  supporting  dangling  rods  above  the  forms. 

The  precautions  that  were  taken,  to  minimize  the  set- 
tlement due  to  shrinkage  in  the  construction  of  the  arch  ring 
of  the  Delaware  River  and  Paulins  Kill  viaducts,  were  re- 


62 


Purdue  Engineering  Review 


peated  in  the  construction  of  the  Tunkhannodc  and  Martins 
Creek  viaducts.  Each  main  arch  of  these  structures  was 
built  in  two  separate  ribs.  It  is  an  interesting  fact,  that 
after  the  arch  centers  were  struck,  there  was  the  slight  set- 
tlement of  one-quarter  of  an  inch  in  one,  one-eighth  of  an 
inch  in  three  and  no  settlement  in  the  other  sixteen  ribs. 
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FATALITIES  AND  SERIOUS  SHOCKS  CAUSED  BY 
ELECTRICITY 

By  Gso.  E.  Glossop,  ’15* 

Synopsis:  This  article  treats  in  a non-technical  manner  of  the  subject 

of  electric  shock.  It  contains: 

A classification  of  the  injuries  attributable  to  electricity,  and  their 
relative  seriousness. 

A comparison  of  the  effect  of  alternating:  and  direct  current  in  pro- 
ducing: a shock. 

An  explanation  of  the  physiological  effect  of  the  electric  current  on 
the  body,  and  the  method  of  resuscitating:  a victim. 

Time  was  when  the  mention  of  electric  shocks  sug- 
gested merely  the  sensations  experienced  in  grasping  the 
handles  of  the  ordinary  induction  coil,  or  in  receiving  the 
discharge  of  a Leyden  Jar.  There  are  few  persons  who 
have  not  allowed  an  electric  current  to  be  passed  through 
them  by  one  or  the  other  of  the  above  means ; and  the  sen- 
sation need  scarcely  be  described.  While  the  effect  is 
usually  of  a mild  and  harmless  nature,  it  is  well  known  that 
shocks  of  an  unpleasant  character,  even  dangerous  to  human 
life,  may  be  applied  by  such  simple  apparatus.  Since  elec- 
tric wires  are  to  be  found  overhead,  underground,  in  nearly 
all  buildings  devoted  to  business,  and  in  many  of  our  homes, 
the  subject  of  shocks  is  of  interest  to  nearly  everyone.  With 
such  widespread  adoption  of  electricity  for  domestic  and 
industrial  use  there  have  appeared  occasionally  in  the  public 
press  notices  of  accidents  due  to  electric  shocks,  sometimes 
attended  with  fatal  results.  These  accounts,  aside  from  the 
tragedy  involved,  are,  as  a rule,  rather  amusing  to  one  know- 
ing even  the  rudiments  of  electricity ; all  that  can  be  learned 
from  the  daily  papers  is  that  it  is  safest  to  keep  away  from 
all  wires.  There  appear  to  be  proportionately  few,  outside 
those  in  the  electric  business,  that  seem  to  have  any  idea 
of  what  constitutes  a dangerous  shock,  where  one  is  likely 
to  be  obtained,  and  what  “volts”  and  “amperes”  have  to  do 
with  it. 

It  is  to  be  remembered  that  it  is  the  amperes  of  current 
flowing,  not  in  the  wire  but  through  the  body,  that  causes 
the  pain  and  the  injury;  the  greater  the  number  of  amperes 
the  greater  the  effect.  Since  voltage  measured  in  volts, 
being  somewhat  analogous  to  pressure  measured  in  pounds 
per  square  inch,  forces  a quantity  of  current  or  amperes, 
through  the  resistance  offered  by  the  human  body  or  the 
wires,  as  pressure  forces  a quantity  of  water  through  the 
resistance  of  the  water  mains,  it  is  readily  understood  that 
the  greater  the  voltage  the  more  current  or  amperes  will 
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flow  through  the  given  resistance.  The  size  of  the  wire 
with  which  contacts  are  made  is  of  little  consequence;  any 
ordinary  wire  can  carry  enough  current  to  give  a fatal 
shock ; the  number  of  volts  does  not  depend  at  all  upon 
the  size  of  the  wire. 

When  electric  current  is  flowing  through  the  body  a 
great  deal  of  resistance  is  offered  to  the  flow.  The  calloused 
palms  of  the  working  man  offer  the  highest  electrical  resist- 
ance. The  thick  and  hardened  epidermis  containing  no 
blood  or  lymph  is  a poor  conductor  and,  therefore,  limits  the 
amount  of  current  that  the  man  receives  from  the  electrical 
circuit.  However,  it  offers  this  high  electrical  resistance 
only  to  a momentary  contact ; while  a continued  contact  will, 
in  most  instances,  produce  a secretion  of  perspiration  which 
so  moistens  the  skin  as  to  give  better  conduction,  thereby 
lowering  the  resistance.  The  resistance  value  apparently 
bears  no  relation  to  the  height  nor  the  cross-section  of  the 
individual  but  depends  largely  upon  the  resistance  of  the 
skin.  When  the  skin  has  been  burned  through,  the  body 
resistance  may  readily  reduce  to  500  ohms.  Therefore,  the 
magnitude  of  the  current  which  passes  through  the  body  is 
dependent  upon  the  resistance  of  contact,  the  resistance  of 
the  body  and  to  the  conductivity  of  the  surrounding  atmos- 
phere whether  dry  or  damp. 

The  dangers  peculiar  to  contact  with  electricity  may  be 
classified  under  four  general  heads.  Those  attributable  to 
shocks;  by  shocks,  meaning  injuries  due  to  the  passage  of 
current  through  the  body.  Those  attributable  to  burns  or 
injuries  caused  by  burning  some  portion  of  the  body  that  is 
in  contact  with  the  intense  heat  of  an  electric  arc.  Those 
attributable  to  flashes,  or  arcs,  causing  injury  to  the  eyes  by 
exposure  to  the  intense  light  of  the  arc.  Those  attributable 
to  falls  caused  primarily  by  shock  or  burn. 

To  receive  a shock  it  is  necessary  that  current  flow  into 
some  portion  of  the  body  and  out  of  some  other  portion.  It 
is  not  the  voltage  that  injures  but  the  amount  of  current  that 
is  forced  through  the  body ; one  one-hundredth  of  an  ampere 
passing  through  the  body  will  give  the  same  sensation  from 
a 500  volt  circuit  as  it  does  from  a no  volt  circuit.  How- 
ever, if  the  body  resistance  remains  the  same,  nearly  five 
times  as  much  current  will  be  forced  through  at  a pressure 
of  500  volts  as  compared  with  no  volts.  Generally  speak- 
ing, the  higher  the  voltage  involved,  the  greater  will  be  the 
current  through  the  body ; the  longer  the  duration  of  the  con- 
tact, the  greater  the  danger  to  life. 
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Burns  usually  accompany  injury  by  shock,  though  it  is 
possible  to  receive  injury  by  a burn  even  where  no  shock  is 
experienced.  Such  cases  consist  in  the  injured  one  coming 
into  physical  contact  with  an  electric  arc.  A most  annoying, 
though  not  deadly  danger  exists  in  the  exposure  of  the  deli- 
cate nerves  of  the  eye  to  the  intense  brilliancy  of  an  electric 
arc.  The  injury  is  not  immediately  apparent  and  often  does 
not  manifest  itself  for  several  hours.  Eyes  that  have  been 
exposed  to  electrical  flashes  become  very  red,  due  to  the 
sudden  dilation  and  congestion  of  the  blood  vessels  of  the 
mucous  membrane  that  lines  the  lids  and  in  part  covers  the 
eyeball.  The  surprise  of  a sudden  shock,  even  though  the 
shock  itself  is  slight,  may  cause  an  unconscious  contraction 
of  the  muscles,  which  may  precipitate  a man  from  a position 
otherwise  secure.  Such  precipitation,  however,  assists  in 
extricating  him  from  what  might  be  otherwise  a dangerous 
contact. 

There  is  a wide  variety  of  external  and  individual  con- 
ditions that  influence  the  extent  of  electrical  injury;  indi- 
vidual susceptibility  is  a large  factor,  even  the  emotions  play 
no  inconsiderable  role.  For  instance,  there  is  on  record  that 
one  lineman  died  purely  of  fright  on  touching  a normally 
high  tension  line  which,  at  the  rime  of  misfortune,  carried 
no  voltage  whatever. 

The  experiments  of  Weiss,  D’Arsonal,  and  others  have 
enabled  us  to  compare  the  respective  behaviors  of  the  alter- 
nating and  direct  currents.  Weiss  states  that  the  alternating 
is  about  four  times  as  deadly  as  the  direct  current.  It  might 
be  thought  that  the  danger  would  increase  with  the  number 
of  alternations,  but  this  is  not  so,  at  least  the  variation  of  the 
periodicities  used  in  the  industries,  varying  from  eleven  to 
seventy-five  cycles  per  second,  makes  no  appreciable  differ- 
ence. D’Arsonal  found  that  he  could  stand  three  amperes  at 
500000  to  1000000  alternations.  This  amount  of  current  is 
twenty  to  thirty  times  as  great  as  that  required  to  kill  a 
human  being  at  the  ordinary  industrial  frequency.  High 
frequency  currents,  even  at  high  pressures,  are  not  ordinarily 
dangerous  to  life  on  account  of  their  tendency  to  seek  the 
surface  of  conductors  rather  than  flow  by  way  of  an  inter- 
nal path. 

Seventy  to  one  hundred  milliamperes  of  alternating  cur- 
rent passing  through  the  heart  for  a few  seconds  will  cause 
death,  whereas,  with  continuous  current  death  does  not  occur 
unless  about  three  hundred  milliamperes  are  employed. 
Deaths  have  occurred  from  shocks  at  A.  C.  voltages  as  low 
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as  65  and  there  are  numerous  instances  of  death  at  such 
pressures  as  100  to  120  volts  A.  C.  It  is  only  under  very 
exceptional  circumstances,  however,  that  these  low  voltages 
cause  death ; such  as  wet  contact,  which  is  equivalent  to  an 
extremely  good  contact,  to  a weak  physique,  and  continued 
passage  of  current  through  a low  body  resistance.  Although 
the  continuous  or  direct  current  prevents  more  immediate 
danger,  it  may  produce  more  lasting  effects.  It  provokes,  in 
the  body  traversed  by  it,  actual  electrical  decomposition,  the 
products  of  which  are  transported  to  the  extremities,  and 
this  internal  galvanoplasty  may  cause  incurable  injuries. 

Physiological  experimentation  on  animals  adduces  the 
conclusion  that,  as  regards  the  death  of  human  beings,  it  may 
be  brought  about  by  electric  currents  in  several  different 
ways.  'There  is  no  doubt  but  -that  it  might  be  due  to  pro- 
longed tetanus  of  the  muscles,  which  could  prevent  the  per- 
formance of  respiratory  movements,  and  so  lead  to  death  by 
asphyxia.  As  a matter  of  fact,  it  has  never  apparently  hap- 
pened in  this  manner ; the  victim  always  being  able  either  to 
break  the  contact  and  interrupt  the  passage  of  current  for 
himself,  or  to  call  for  help  and  have  the  contact  broken  by 
someone  else  before  asphyxia  has  actually  taken  place. 
Primary  heart  failure  is  undoubtedly  the  most  common  mode 
of  death.  In  this  case,  there  is  a cessation  of  respiration 
and  cardiac  action  from  electrical  over-stimulation  of  the 
brain  which  thereby  loses  its  power  to  react.  This  power 
to  react  is  only  temporarily  suspended  so  that  life,  if  not  en- 
tirely extinct,  is  dependent  on  artificial  respiration  until  such 
time  as  the  brain  recovers  its  power  to  react. 

During  the  past  thirty  years  a great  many  post-mor- 
tems have  been  made  in  cases  of  sudden  death  by  electric 
shocks.  Burns  of  greater  or  less  superficial  extent  are  gen- 
erally seen  at  the  point  where  the  electric  current  has  entered 
and  left  the  body.  In  a word,  the  post-mortem  evidence  is 
generally  negative,  but  may  suggest  asphyxia  in  some  cases, 
in  others  organic  vascular  and  nervous  lesions  in  the  brain 
and  spinal  cord. 

It  is  contended  by  many  physicians  of  note  that  if  arti- 
ficial respiration  is  immediately  applied  to  the  victim  that 
there  is  much  hope  of  recovery,  particularly  when  the  elec- 
tric current  has  only  temporarily  paralyzed  the  nervous  con- 
trol of  the  muscles  of  respiration.  This  effect  of  shock  is 
conceded  to  dominate  in  nearly  all  accidents  where  the  con- 
tact was  of  short  duration.  Hope  of  resuscitation  is,  how- 
ever, restricted  to  the  proper  treatment  of  cases  of  paralyzed 
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respiration  and,  since  deprivation  of  oxygen  injures  immedi- 
ately some  of  the  nerve  centers  of  the  brain,  it  is  particu- 
larly important  that  measures  for  resuscitation  be  applied 
immediately  and  continued  until  natural  breathing  returns. 

The  prone  pressure  method  of  artificial  respiration, 
which  has  been  given  universal  publicity  and  is  today  taught 
to  all  employees  of  large  corporations,  consists  in  laying  the 
injured  on  his  belly  with  his  arms  stretched  forward.  Pres- 
sure is  applied  rhythmically  on  the  loins  and  lowest  ribs. 
The  advantages  of  this  method  are : that  the  operation  is 
simple  and  easy  to  perform,  that  there  is  no  need  of  a second 
person  to  hold  the  tongue  from  falling  back  and  blocking 
the  air  passages,  that  there  is  little  danger  of  injuring  the 
liver  or  breaking  the  ribs  if  pressure  is  gradually  and  not 
violently  applied,  and  that  a larger  ventilation  of  the  lungs 
is  accomplished. 

In  general,  the  resistance  of  the  human  body  is  normally 
so  high  that,  with  pressures  not  exceeding  500  volts,  acci- 
dental contacts  are  rarely  fatal.  The  greater  number  of 
fatalities  attend  the  severe  burns  caused  by  momentary  con- 
tact with  high  voltages  and  falls  due  to  the  unexpected 
shock. 
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NOTES  ON  ESTIMATING  THE  GROWTH  OF  CITIES 

By  H.  G.  Raschbach^r,  ’04* 

Synopsis:  Showing  how  to  obtain  the  approximate  future  population 

of  a city  from  its  past  growth  and  its  present  size. 

During  the  years  1914-1915,  the  writer  was  engaged  in 
assisting  a former  classmate  in  preparing  a report  for  a cer- 
tain eastern  city,  covering  the  collection  and  disposal  of  all 
classes  of  municipal  wastes.  One  of  the  chief  questions  to 
be  determined  before  submitting  the  report  was  the  size  of 
the  recommended  plants,  which  in  turn  depended  upon  the 
quantities  of  the  various  wastes  produced  by  the  population 
served  in  1940.  The  production  per  capita  of  any  class  of 
waste  was  easily  determined  by  a series  of  complete  field 
studies,  but  when  the  question  of  estimating  the  future  popu- 
lation arose,  few  data  were  to  be  found  that  would  furnish 
a reliable  program  for  determining  such  an  estimate.  It  was 
finally  decided  to  plot  the  available  census  data  and  estimate 
the  future  population  from  a straight  line  curve.  Before 
doing  so,  the  writer  endeavored  to  ascertain  if  there  were 
any  determinable  law  or  laws  governing  the  growth  of  cities 
except  a mere  estimate  of  what  future  conditions  were  liable 
to  be.  While  the  studies  made  did  not  attain  the  end  for 
which  they  were  carried  out,  a number  of  interesting  facts 
were  brought  to  light  and  it  is  felt  that  they  are  of  sufficient 
interest  to  be  of  some  value  to  readers  of  the  Purdue  Engi- 
neering Review. 

In  general  the  population  curve  for  any  city  can  be 
plotted  by  the  formula,  P = M Yn  + C,  where,  P is  the  popu- 
lation for  any  particular  year,  M,  a numerical  coefficient, 
Y , the  number  of  years  elapsing  from  the  first  plotted  on  the 
curve  to  the  one  for  which  the  population  is  desired,  n,  an 
exponent  determined  from  the  available  data  at  hand  and  C , 
the  population  of  the  city  in  the  first  year  plotted  on  the 
curve.  By  substituting  the  data  at  hand  for  all  the  Ameri- 
can cities  as  furnished  by  the  Bureau  of  the  Census  in  the 
above  equation,  a series  of  equations  results  for  any  par- 
ticular city,  in  which  P,  M and  n are  the  only  unknowns. 
By  the  method  of  Least  Squares,  these  can  be  brought  to 
two  simultaneous  equations  in  which  M and  n can  be  deter- 
mined and  a resultant  equation  found  in  which  P is  the  only 
unknown.  By  substituting  in  this  equation  for  any  future 
year  the  population  determined  will  be  a value  lying  in  the 
curve  which  is  the  closest  to  passing  through  all  the  points 
which  may  be  plotted  from  any  data  which  may  be  avail- 
able. 


* Consulting  Engineer,  Ann  Arbor,  Mich. 
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In  carrying  on  the  studies  made,  population  curves  were 
worked  up  for  the  following  cities : Baltimore,  Boston, 

Chicago,  Cleveland,  New  York,  Philadelphia,  Pittsburg, 
and  St.  Louis.  These  cities  comprise  the  eight  largest 
cities  in  the  country  according  to  the  last  U.  S.  census,  they 
present  a fairly  wide  geographical  range,  the  conditions 
which  affected  their  growth  could  hardly  have  been  very 
similar  and  census  information  was  available  for  the  ma- 
jority of  the  cities  for  a period  of  120  years.  For  these  rea- 
sons, it  was  felt  that  if  any  general  law  could  be  deduced 
from  the  information  covering  these  cities,  it  would  be  ap- 
plicable to  a fairly  wide  range  of  conditions,  not  only  as 
regards  geographical  location,  but  size  of  the  city  as  well. 

Three  curves  were  worked  out  for  each  city  listed  above, 
and  numbered  1,  2,  and  3.  Curve  No.  1,  was  that  curve 
which  would  most  nearly  pass  through  the  points  plotted 
for  the  entire  period  for  which  census  data  was  available. 
Curve  No.  2 was  plotted  from  the  data  for  all  years  follow- 
ing that  in  which  the  population  reached  500,000  in  the  case 
of  New  York,  Chicago  and  Philadelphia,  and  250,000  for 
the  remaining  five  cities.  Curve  No.  3 was  plotted  from  the 
data  for  all  years  until  the  population  reached  500,000  for 
New  York,  Chicago  and  Philadelphia,  and  250,000  for  the 
remaining  five  cities.  Curve  No.  1 will  represent  the  popu- 
lation curve  which  will  take  into  account  all  the  conditions 
affecting  the  growth  of  a big  city  from  its  beginning  as  a city 
of  any  size,  up  to  the  present  time.  Curve  No.  2 will  repre- 
sent the  population  curve  which  takes  into  account  only 
those  conditions  affecting  the  growth  of  a city  after  it  has 
become  a city  of  importance.  Curve  No.  3 will  represent 
the  population  curve  which  takes  into  account  only  those 
conditions  affecting  the  growth  of  a city  from  its  beginning 
until  it  becomes  a city  of  importance.  The  use  of  Curve  No. 
3 would  enable  one  to  estimate  the  population  of  a city  which 
at  the  present  time  had  less  than  500,000  or  250,000  inhabi- 
tants. Curve  No.  2 would  enable  one  to  estimate  the  future 
population  of  a city  which  at  the  present  time  had  over 
250,000  or  500,000  inhabitants.  If  the  values  taken  from  the 
extension  of  Curve  No.  3 were  approximately  the  same  as 
those  from  Curve  No.  2,  and  if  the  values  from  either  2 or  3 
were  approximately  the  same  as  those  from  Curve  No.  1, 
proof  would  have  been  established  that  the  law  governing 
the  growth  of  cities  of  any  size  was  a uniform  law  through- 
out their  growth  and  in  that  case  a general  formula  could  be 
deduced  which  would  represent  the  growth  of  any  city 
throughout  its  life. 
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The  curves  covering  the  above  conditions  may  be  plotted 
from  the  following  formulae : 

New  York  . . . Curve  No.  i,  P = 1 18  Y 2,137  + 49,401 

where  Y — years  after  1790. 

Curve  No.  2,  P — 101570  Y 1,394  + 391,114 
where  Y ~ years  after  1840. 

Curve  No.  3,  P — 1362  Y 1,316  + 49,401 

where  Y = years  after  1790. 

Chicago Curve  No.  1,  P — 160.7  T 2-220  + 4,47° 

where  Y — years  after  1840. 

Curve  No.  2,  P — 43.750  Y 1,100  + 503,185 
where  Y = years  after  1880. 

Curve  No.  3,  P = 138.7  Y 2-242  + 4,470 

where  Y — years  after  1840. 
Philadelphia.  .Curve  No.  i,  P — 152.4  Y L794  + 28,522 

where  Y — years  after  1790 

Curve  No.  2,  P — 3,133  Y 1489  + 565,529 
where  Y = years  after  i860. 

Curve  No.  3,  P =■  691.8  Y 1,187  + 28,522 

where  Y — years  after  1790 
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Baltimore.  . . .Curve  No.  i , P — 242.7  F 1-592  + 13,503 

where  Y = years  after  1790. 

Curve  No.  2,  P = 3327  Y 1*26S  + 267,354 
where  F ==  years  after  1870. 

Curve  No.  3,  P = 523.6  F L36°  + 13,503 

where  F = years  after  1790. 
Cleveland  ....  Curve  No.  1,  P = 22.91  F 2 266  + 1,076 

where  F = years  after  1830. 

Curve  No.  2,  P = 4,634  F L40°  + 261,353 
where  F = years  after  1890. 

Curve  No.  3,  P = 18.58  F 2-308  + 1,076 

where  F = years  after  1830. 

Pittsburg Curve  No.  1,  P — 9.55  F 2-269  + 1,565 

where  F = years  after  1800. 

Curve  No.  2,  P — 15,140  F °-875  + 235,071 
where  F = years  after  1880. 

Curve  No.  3,  P = 12.02  F 2-178  + 1,565 

where  F = years  after  1800. 

St.  Louis Curve  No.  1,  P = 4,487  F 1-176  + 16,469 

where  F = years  after  1840. 

Curve  No.  2,  P — 1,362  F 1526  + 310,864 
where  F = years  after  1870. 

Curve  No.  3 , P — 2,576  F 1-359  + 16,469 
where  F = years  after  1840. 

Boston Curve  No.  1,  P — 28.05  F 2-053  + 18,320 

where  F = years  after  1790.  ' 

Curve  No.  2,  P = 3,639  F 1>333  + 362,839 
where  F = years  after  1880. 

Curve  No.  3,  P = 99.31  F L712  + 18,320 

where  F = years  after  1790. 

It  is  obvious  that  the  factors  governing  the  growth  of 
the  cities  studied  are  different  in  each  case  and  no  common 
curve  or  formula  can  be  deduced  which  will  apply  with  rea- 
sonable accuracy  to  all.  The  most  peculiar  fact  which  may 
be  noted,  however,  is  that  after  the  population  of  a city 
reaches  250,000  or  300,000,  the  rate  of  increase  becomes 
much  greater  and  the  curve  shows  a pronounced  inclination 
towards  the  vertical.  This  characteristic  seems  to  prevail 
regardless  of  the  present  size  of  the  city,  its  location,  or  the 
time  in  which  it  reached  the  population  noted.  The  follow- 
ing table  illustrates  the  above  statements  more  clearly,  the 
date  given  being  the  census  year  in  which  the  population 
reached  or  passed  250,000  or  300,000 : 


New  York 1840 

Chicago  1870 

Philadelphia i860 
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Baltimore 1880 

Cleveland  1890 

Pittsburg  1880 

St.  Louis  1870 

Boston  1880 


Another  characteristic  which  may  be  noted  is  that  east- 
ern cities  show  a much  slower  rate  of  increase  than  is  the 
case  with  the  western  cities.  The  curves  for  Chicago,  Cleve- 
land and  St.  Louis  show  this  uniformity  as  a group,  and  the 
same  holds  true  for  the  curves  for  New  York,  Philadelphia, 
Boston,  Baltimore,  Pittsburg. 

Among  the  western  cities  studied,  little  effect  is  shown 
in  the  rate  of  increase  due  to  facilities  for  transportation  by 
water.  The  rate  of  increase  for  the  lake  cities,  Chicago  and 
Cleveland,  does  not  differ  materially  from  the  rate  of  in- 
crease for  St.  Louis,  water  transportation  on  the  Mississippi 
not  being  considered  as  comparable  with  lake  shipping.  The 
same  characteristic  seems  to  hold  true  in  the  eastern  cities 
studied.  The  rate  of  increase  for  Pittsburg  being  about  the 
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same  as  for  Boston,  Baltimore,  and  for  New  York  and 
Philadelphia  when  the  two  latter  cities  were  of  about  the 
same  size  as  Pittsburg  is  now. 

From  the  data  at  hand  it  seems  logical  to  assume  that; 
when  a city  reaches  a population  of  about  500,000,  the 
natural  resources,  tributary,  rail  and  water  transportation 
facilities  and  opportunities  for  expansion  by  annexation, 
etc.,  are  present  in  such  degree  that  they  have  carried  the 
city  over  what  may  be  termed  the  critical  period  prevailing 
when  the  population  is  less  than  300,000  and  that  from  this 
time  on  the  rate  of  increase  will  be  uniform  and  more  rapid 
than  was  the  case  before  the  population  reached  500,000; 
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that  cities  which  lie  in  what  may  be  termed  the  central  or 
western  sections  of  the  country  will  show  a much  more  pro- 
nounced rate  of  increase  at  all  times  than  is  the  case  with 
cities  in  the  eastern  or  southern  sections  of  the  country ; that 
the  rate  of  increase  of  all  cities,  regardless  of  location,  trans- 
portation facilities  and  tributary  country  surrounding,  is 
much  less  when  the  population  is  less  than  300,000  than  is 
the  case  after  the  population  has  passed  that  figure. 

During  the  course  of  the  investigations  mentioned  at 
the  beginning  of  this  article,  the  writer  made  a study  of  the 
methods  in  use  at  the  present  time  among  engineers  in  esti- 
mating future  growth  of  cities  and  found  no  reasonable  uni- 
formity among  them.  In  a more  or  less  vague  way,  the  pros- 
pects for  future  expansion  are  dependent  entirely  upon  the 
judgment  of  the  estimator  as  to  what  conditions  will  prevail 
after  a period  of  25  or  50  years  has  passed.  Inasmuch  as 
no  man  can  know  what  the  future  holds  in  store,  it  seems 
to  the  writer  that  the  safest  plan  is  to  let  the  past  govern  the 
prospects  for  the  future,  provided  there  are  sufficient  data 
covering  the  past,  and  prolong  the  curve  to  estimate  the  con- 
ditions in  the  future.  This  seems  to  be  especially  true  if  the 
data  be  separated  into  two  parts  and  those  dealing  with  the 
population  below  250,000,  used  for  estimates  up  to  500,000 ; 
while  the  data  dealing  with  population  above  250,000  are  to 
be  used  for  all  future  estimates. 

So  far  as  the  writer  is  aware,  the  Bureau  of  the  Census 
is  the  only  estimator  which  governs  its  estimates  of  future 
population  entirely  upon  records  of  the  past.  That  Bureau 
uses  the  straight  line  formula  entirely,  stating  that  their 
experience  shows  this  to  give  the  more  accurate  results. 
While  they  recommend  this  formula,  they  do  not  officially 
endorse  it.  Curves  worked  out  according  to  the  theory  of 
least  squares,  check  fairly  closely  with  the  straight  line  curve 
mentioned  above,  though  the  values  from  the  straight  line 
curve  are  generally  slightly  below  those  submitted  by  the 
writer. 
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THE  EVOLUTION  OF  EXCAVATING  MACHINERY 

By  J.  D.  Rauch,  ex-’95* 

Synopsis:  A short  history  of  dredges  and  steam  shovels,  and  the 

conditions  which  have  caused  their  rapid  development. 

Probably  one  of  the  most  obscure  classes  of  machinery, 
yet  one  that  has  contributed  much  to  the  development  of  the 
country  as  well  as  the  conservation  of  our  natural  resources, 
is  that  employed  in  the  excavation  of  drainage  and  irrigation 
ditches  as  well  as  canals  and  other  engineering  operations 
for  the  development  of  commerce  and  industry. 

Such  machinery  may  be  divided  into  two  general 
classes : First,  that  which  is  mounted  on  floats  or  barges  for 
excavation  in  water;  and  second,  that  which  is  mounted  on 
trucks  or  platforms  for  dry  excavation. 

At  the  time  when  our  middle  west  was  being  settled,  and 
before  the  advent  of  the  railroads,  canals  were  the  only 
means  offered  for  cheap  transportation  and  many  great 
canal  systems  were  built  at  considerable  cost.  The  vast 
amounf*of  excavation  required  in  the  construction  of  these 
canals  was  done  chiefly  by  hand  labor — and  yet  this  was  so 
short  a time  ago  as  to  still  be  clearly  within  the  recollection 
of  persons  living  today. 

Within  a few  years,  however,  railroads  began  to  be 
constructed,  with  which  the  canals  could  not  compete  as 
common  carriers.  It  has  often  been  a matter  of  conjecture 
to  the  writer  as  to  what  the  result  might  have  been  had  they 
possessed  the  efficient  excavating  machinery  then  that  we 
have  today. 

But  these  canals  did  more  while  in  operation  than  to 
provide  avenues  of  commerce.  They  served  as  drains  for 
the  adjacent  lands,  greatly  increasing  their  fertility  and 
value  and  naturally  creating  in  the  minds  of  men  the  desire 
to  further  expand  this  phase  of  reclamation. 

As  the  country  became  more  thickly  settled  the  great 
areas  of  wet  and  overflowed  lands  in  the  middle  states  and 
especially  in  Illinois  and  Indiana  attracted  attention  and 
means  were  considered  for  carrying  off  the  water  by  artifi- 
cial channels. 

These  channels,  or  ditches  we  may  call  them,  were  first 
excavated  by  manual  labor.  The  results  obtained  in  reclaim- 
ing the  land  were  sufficient  to  justify  the  necessity  of  some 
more  extensive  and  efficient  means  of  excavation  and  efforts 
were  made  to  construct  machinery  to  do  the  work. 


* Sec’y-Treas.,  The  American  Steel  Dredge  Co.,  Fort  Wayne,  Ind. 
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About  the  year  1880  a crude  but  fairly  successful  ditch- 
ing dredge  was  built  in  northeastern  Illinois.  This  machine 
was  not  only  capable  of  doing  the  work  better,  but  so  much 
cheaper  than  any  former  methods  that  it  immediately  com- 
manded attention.  It  was  the  nucleus  of  what  is  now  gen- 
erally known  as  the  dipper  dredge — a type  which,  with  the 
many  improvements  made  since  its  advent,  is  recognized  as 
the  most  efficient  and  economical  type  and  is  employed  al- 
most exclusively  today  in  drainage  work,  as  well  as  in  the 
canal  construction  and  deepening  of  our  rivers  and  harbors. 
The  dipper  dredge  is  essentially  an  American  machine.  It 
has  shown  its  superiority  over  other  types  in  many  instances, 


Fig.  1.  Dipper  Dredge. 


the  most  important  example  being  probably  the  construction 
of  the  Panama  Canal,  which  was  successfully  accomplished 
after  several  futile  attempts  with  foreign  types. 

Originally  dredges  were  constructed  with  wooden 
booms  and  superstructure  and  mounted  on  wooden  barges. 
The  modern  dredge  is  built  of  steel  throughout  including  the 
barge,  as  shown  in  the  accompanying  illustration,  and  is 
capable  of  coping  with  the  most  heavy  and  difficult  work. 

With  the  vast  areas  of  waste  lands  yet  to  be  reclaimed, 
and  the  untold  canals  and  harbors  for  commerce  yet  to  be 
conceived  in  this  and  other  countries,  this  class  of  machinery 
offers  a most  promising  field  for  the  mechanical  and  perhaps 
the  electrical  engineer ; and  for  the  civil  engineer  in  the  plan- 
ning and  maintenance  of  the  work. 
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We  now  come  to  the  other,  but  no  less  important, 
branch  known  as  dry  excavation,  which  embraces  even 
a wider  and  more  varied  field,  such  as  canals  for  carrying 
and  distributing  water  in  the  irrigation  of  arid  regions,  the 
construction  of  modern  roads,  which  is  just  now  opening  up 
in  almost  inconceivable  proportions  in  every  section,  and  on 
down  to  subway  and  tunnel  excavation,  as  well  as  a myriad 
of  other  but  equally  important  and  economic  operations. 

For  such  work  the  steam  shovel  was  evolved  and  has 
been  brought  to  a state  of  efficiency  that  is  astounding. 

One  of  the  latest  ,and  most  universal  types  is  what  is 
known  as  the  revolving  shovel,  such  as  is  shown  in  the  accom- 
panying illustration  (Fig.  2.)  It  is  mounted  on  a swiveling 


Fig.  2.  Revolving  Shovel. 


truck  so  as  to  revolve  in  a complete  circle,  and  is  capable  of 
traveling  from  point  to  point  under  its  own  power. 

For  years  practically  all  the  iron  ore  from  the  ranges  of 
the  Northwest  has  not  only  been  mined  and  loaded  into 
cars  by  steam  shovels,  but  the  beds  of  ore  have  been  previ- 
ously stripped  of  the  overburden  of  soil  by  the  same  ma- 
chines. This  has  been  a most-  important  factor  in  the  devel- 
opment of  the  steel  industry,  and  its  effect  on  the  cost  as  well 
as  the  increased  production  of  iron  and  steel  can  hardly  be 
computed. 

The  field  is  still  open  for  unlimited  improvements  and 
each  year  brings  forth  new  opportunities  for  expanding  the 
range  of  usefulness  of  machinery  of  this  class,  which  should 
not  be  overlooked  by  the  engineer. 
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PRINCIPLES  OF  DRAINAGE  DISTRICT 
ASSESSMENTS 

By  R.  G.  Flaugher,  ’12* 

Synopsis:  The  engineer  in  charge  of  drainage  projects  meets  many 

problems  in  his  contact  with  owners  of  farming  land  and  by  no  means  the 
last  of  these  is  the  question  of  apportioning  assessments  according  to  the 
value  which  an  individual  will  receive,  and  to  the  location  of  his  ground. 
In  this  article  Mr.  Flaugher  summarizes  methods  of  assessments  which 
have  been  used  successfully. 

Perhaps  in  few  fields  of  his  endeavor  is  the  engineer 
required  to  exercise  more  tact  and  perseverance  than  in  that 
of  drainage  engineering.  The  great  variety  of  conditions  in 
the  topography  of  the  drainage  area,  the  varying  degrees  of 
soil  fertility,  the  relative  distances  of  certain  tracts  from  the 
main  ditch  and  the  completeness  or  incompleteness  of  the 
drainage,  combine  to  make  the  task  of  handling  a drainage 
district  far  from  a simple  one.  Furthermore,  because  of 
friction  between  the  interested  parties  concerning  matters 
connected  with  the  drainage  work,  the  engineer  is  often 
caused  much  embarrassment. 

The  only  course  to  follow  is  that  of  strict  adherence  to 
engineering  principles  and  close  observance  of  the  state 
drainage  laws,  as  well  as  the  use  of  common  sense,  tact,  and 
neutrality. 

It  is  impossible  to  lay  down  a set  method  to  follow  in  the 
levying  of  assessments  or  the  awarding  of  damages.  There 
are,  however,  ten  fundamental  principles  which  apply  in  the 
making  up  of  an  assessment  roll  for  a district. 

1.  A land-owner  is  by  virtue  of  ownership  entitled  to 
any  drainage  that  his  land  may  possess.  He  may  construct 
any  system  of  drains  that  he  deems  necessary  so  long  as  it  is 
done  within  the  limits  of  his  land,  provided  the  outlet  is  in  a 
natural  watercourse  through  his  own  holdings. 

2.  If  the  natural  outlet  for  the  territory  surrounding 
him  is  through  his  own  property  he  cannot  be  assessed  for 
any  part  of  a public  drainage  system  unless  it  is  evident  that 
he  is  actually  benefited  by  the  drainage  of  the  adjoining 
property.  Where  the  natural  slope  of  the  surrounding  land 
is  such  that  without  a drainage  system  he  would  be  com- 
pelled to  take  care  of  the  water  coming  from  above  his  land, 
then  the  public  drainage  system  will  benefit  him  to  the  ex- 
tent of  the  injury  suffered  because  of  the  wet  condition  of 
the  surrounding  land. 


Cayuga,  Ind. 
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3.  If  no  such  condition  exists  and  no  other  benefit  is 
apparent  the  assessment  should  be  omitted.  On  the  other 
hand,  he  is  entitled  to  recompense  for  the  right  of  way  neces- 
sary for  the  public  drainage  ditch  through  his  land.  Where 
the  owner  refuses  permission  for  the  construction  of  the 
drainage  ditch  through  his  holdings,  the  authorities  may  con- 
demn such  land  for  public  purposes.  The  right  of  passage 
cannot  be  withheld.  The  owner  is  awarded  such  damages  as 
is  necessary  to  cover  injuries  sustained,  by  a jury  appointed 
for  such  purposes. 

4.  Other  things  being  equal,  the  greater  the  amount  of 
water  removed  from  a tract  of  land,  the  greater  the  amount 
of  assessment  levied.  An  area  that  is  wet  and  useless  for 
agricultural  purposes  should  be  assessed  proportionately 
higher  if  reclaimed  by  the  construction  of  an  adequate  drain- 
age system  than  other  land  lying  in  the  same  district  which 
has  better  natural  drainage. 

5.  The  land  occupied  by  the  right  of  way  should  not  be 
assessed  for  benefits,  since  it  is  evident  that  owner  will  never 
receive  any  direct  returns  in  the  future.  The  number  of 
acres  used  for  this  purpose  on  each  piece  of  land  should  be 
subtracted  from  the  total  area  and  not  be  considered  on  the 
assessment  sheet.  Although,  theoretically  this  is  correct,  the 
amount  involved  except  in  expensive  improvements  and 
large  areas  owned  by  the  same  individual  is  negligible.  This 
point  is  nearly  always  disregarded. 

6.  Where,  within  the  limits  of  a district,  the  soils  be- 
cause of  their  type  or  structure  are  variable  in  fertility,  those 
most  fertile  should  be  assessed  proportionately  higher  than 
those  possessing  a lesser  degree  of  fertility. 

Sometimes  it  occurs  that  one  tract  is  capable  of  produc- 
ing higher  priced  crops,  while  others  are  only  available  for 
the  production  of  ordinary  crops.  This  condition  has  often 
obtained  in  the  Kankakee  regions  of  northwestern  Indiana 
and  northeastern  Illinois,  where  the  proximity  to  the  Chi- 
cago markets  renders  the  various  types  of  loam  and  sandy 
loam  soils  very  valuable  for  the  production  of  market  gar- 
den crops. 

7.  If  a public  drain  incidentally  passes  through  a tract 
of  land  for  the  purpose  of  giving  more  perfect  drainage  priv- 
ileges to  the  surrounding  area,  and  in  so  doing  affords  direct 
drainage  to  the  particular  tract  as  well  as  decreases  the  ex- 
penditure necessary  to  complete  its  drainage,  this  land  should 
be  assessed  proportionately  higher  than  the  land  adjoining 
for  the  reason  that  private  drainage  has  been  accomplished 
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at  public  expense.  It  is,  however,  necessary  for  the  proper 
authorities  of  the  drainage  district  to  prove  their  point  in  a 
case  of  this  kind.  Just  such  technical  questions  as  these  are 
constantly  arising.  They  afford  no  end  of  worry  to  the 
engineer  and  no  end  of  remuneration  for  the  members  of 
the  legal  profession. 

8.  The  nearer  a tract  of  land  lies  to  the  natural  outlet 
the  smaller  the  assessment  should  be,  provided  the  drainage 
advantages  are  the  same.  The  basis  of  this  principle  lies  in* 
the  fact  that  the  land  more  distant  from  the  outlet  has  been 
brought  within  the  reach  of  drainage  facilities.  The  land 
contiguous  to  the  drainage  ditch  possessed  such  facilities 
previous  to  the  construction  of  the  main  outlet. 

9.  If  complete  drainage  is  not  furnished  to  the  lands 
of  an  entire  tract,  those  which  receive  only  partial  drainage 
should  be  assessed  in  proportion  to  the  benefits  received. 

10.  Outlet  privileges  should  be  assessed  in  proportion 
to  the  distances  from  the  drainage  ditch. 

In  the  construction  of  any  public  artificial  drainage  sys- 
tem, it  is  seldom  possible  to  avoid  damages  to  property  in 
• some  manner  or  other.  Although  the  chief  cause  for  dam- 
ages is  the  use  of  land  necessary  for  right  of  way,  there  are 
other  claims  for  which  damages  are  allowed. 

The  cutting  up  of  fields  into  irregular  and  small  tracts 
causes  extra  time  and  labor  for  the  cultivation  and  harvest- 
ing of  crops ; the  proximity  of  the  ditch  to  certain  structures 
and  the  destruction  of  the  water  loving  timber,  are  sources 
for  the  awarding  of  damages.  Again  the  destruction  of 
growing  crops  and  the  cost  of  construction  of  additional 
fences  demand  remuneration. 

Next  to  the  damage  to  land  for  right  of  way  purposes, 
the  damages  to  highway  and  railroad  properties  are  most  im- 
portant. Traffic  on  highways  is  often  stopped  or  averted 
during  the  construction  of  the  ditch  itself  or  of  the  bridges 
incident  thereto.  The  excavated  material  must  be  removed, 
causing  some  expense. 

Railroads  are  affected  to  a greater  degree  than  high- 
ways. Traffic  is  entirely  dependent  upon  a continuous  line  of 
steel  and  a firm  and  undisturbed  roadbed.  It  is  usually  ex- 
tremely costly  or  impractical  to  provide  a sidetrack  for  tem- 
porary purposes.  Detouring  is  not  always  possible.  Of 
course  damages  are  sometimes  allowed,  but  seldom  commen- 
surate to  the  expenses  of  delay  and  inconvenience  involved. 
Often  a new  bridge  must  provide  for  the  outlet,  or  an  old 
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structure  be  replaced  by  a new  one  because  of  additional 
water  carried.  The  railroad  pays  for  the  new  bridge,  of 
course.  The  railroad  also  pays  an  additional  assessment  for 
other  benefits  received,  which,  in  justice,  let  it  be  said,  are 
often  many.  The  value  of  a well  drained  roadbed  is  very 
great.  Furthermore,  the  welfare  of  any  railroad  is  directly 
dependent  upon  the  agricultural  resources  of  territory 
through  which  it  passes. 

The  management  of  a drainage  district  involves  no  little 
responsibility,  and  the  drainage  engineer  must  possess  special 
training.  He  must  not  let  enthusiasm  for  his  work  carry 
him  beyond  the  bounds  of  engineering  technique.  He  must 
be  a wise  and  honest  counsellor,  he  must  be  well  versed  in 
the  knowledge  of  civil  engineering,  agriculture,  drainage  law 
and  human  nature. 
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SOME  PERSONAL  IMPRESSIONS  OF  AVIATION, 

By  J.  C.  Turpin,  ’o8* 

Synopsis:  Mr.  Turpin,  who  was  one  of  the  first  pupils  of  the  Wright 

Brothers  in  the  study  of  aviation,  and  whom  we  all  remember  as  being 
one  of  the  famous  members  of  the  original  Wright  exhibition  team,  tells 
in  a most  interesting  way  of  some  of  his  experiences  while  engaged  in  this 
very  strenuous  sport.  It  might  be  well  to  add  that  Mr.  Turpin  and  Mir. 
Walter  Brookins  are  the  only  members  of  the  original  team  that  are  alive 
today,  both  of  them  having  retired  from  the  game  several  years  ago. 

So  much  has  already  been  written  in  regard  to  avia- 
tion that  the  following  article  will  deal  entirely  with  my 
personal  affiliations  in  the  flying  game.  My  entering  into 
this,  one  of  the  most  alluring  of  sports,  was  during  the 
early  Spring  of  1910,  when  I was  approached  by  Mr.  Or- 
ville Wright  who  gave  me  the  opportunity  of  becoming  one 
of  seven  of  the  initial  members  of  the  Wright  exhibition 
team.  My  early  training  began  in  Dayton,  Ohio,  under  the 
personal  tutelage  of  Mr.  Orville  Wright. 

To  the  uninitiated,  learning  to  fly  an  aeroplane  must 
seem  like  a very  easy  task,  but  I can  assure  those  who  have 
this  opinion  that  this  is  not  at  all  true.  All  training  of  men, 
then  as  well  as  now,  is  done  in  a machine  in  the  air,  under 
the  direction  of  a proficient  instructor.  The  required  time 
for  a man  learning  to  fly  an  aeroplane  usually  covers  a per- 
iod of  about  four  weeks,  as  the  training  of  new  pilots  can 
only  be  conducted  under  the  most  favorable  weather  con- 
ditions, by  which  I mean  that  air  conditions  must  be  ab- 
solutely calm.  These  conditions  are  most  prevalent  in  the 
early  morning  and  the  late  afternoon. 

In  driving  an  aeroplane  four  directions  must  be  con- 
sidered, the  two  directions  fore  and  aft,  and  also  the  side 
balance  of  the  machine.  The  side-balance  is  controlled  by 
what  is  called  warping  the  planes.  If  the  right  side  of  the 
machine  is  low,  the  wings  on  that  side  of  the  machine  are 
warped  or  lowered.  These  lowered  planes  meeting  the  on- 
rush of  air,  offer  more  resistance  to  it,  and  are  immediately 
raised.  In  like  manner,  if  the  left  side  of  the  machine  is 
low,  the  left  wings  are  warped,  more  surface  is  exposed  to 
the  air  and  this  side  of  the  machine  is  therefore  raised.  The 
elevation  and  inclination  of  the  plane  is  controlled  by  a rear 
elevating  rudder.  In  the  first  types  of  planes  built  by  the 
Wrights  the  motor  was  controlled  by  a foot  lever,  being 
fully  accelerated  at  the  time  of  starting,  and  running  under 
full  power  during  the  entire  time  of  flight,  only  being 
throttled  down  for  making  landings. 


* The  American  Cotton  Co.,  Boston,  Mass. 
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The  landing  on  an  aeroplane  is  by  far  the  most  difficult 
operation  in  flying,  for  it  is  only  at  this  time  in  coming  close 
to  the  ground  that  the  operator  realizes  the  extreme  speed 
of  the  machine.  When  one  considers  that  a machine  of  ex- 
tremely light  construction  and  weighing  around  1200  lbs. 
with  the  operator,  is  compelled  to  land  at  the  rate  of  from 
fifty  to  sixty  miles  per  hour  on  sometimes  very  rough 
ground,  one  can  easily  understand  the  skill  it  requires  to 
avoid  demolishing  the  planes. 

My  first  lesson  and  also  my  first  ride  in  an  aeroplane 
was  to  me  an  extremely  disagreeable  experience.  The  near- 
est approach  to  a comparison  is  that  of  riding  in  an  auto- 
mobile at  the  rate  of  fifty  or  sixty  miles  and  hour  over 
very  rough  roads.  The  statements  of  those  of  my  passen- 
gers whom  I took  up  in  later  days  that  they  had  enjoyed  the 
experience  immensely,  I always  took  “with  a grain  of  salt,” 
as  I knew  very  well  that  while  they  were  glad  to  have  had 
the  experience,  they  were  more  glad  to  again  be  able  to 
place  their  feet  on  solid  ground.  I never  experiencd  in  all 
my  flying  career  the  sensation  of  dizziness  due  to  height. 
The  reason  for  this  I cannot  explain,  for  I,  like  others  when 
in  a very  tall  building,  looking  down  toward  the  ground, 
have  an  extremely  giddy  sensation. 

During  my  three  years  in  active  flying  I made  in  all 
about  2500  flights,  flying  in  almost  every  city  in  this  coun- 
try and  during  this  entire  time  I only  met  with  one  accident. 
Before  a flight  I absolutely  assured  myself  that  the  machine 
was  in  as  perfect  condition  as  was  possible,  that  the  motor 
was  delivering  maximum  power,  etc.  In  the  early  days 
of  flying  the  greatest  source  of  trouble  was  the  motor.  Un- 
der the  most  favorable  circumstances  the  motors  only  devel- 
oped thirty-five  horse  power,  and  their  life  in  the  air  was 
about  twenty  hours.  I have  many  times  had  the  experi- 
ence while  in  the  air  of  having  an  exhaust  valve  drop 
through  the  head  of  a piston  and  come  out  through  the 
bottom  of  the  crank  case.  In  order  to  guard  against  such 
troubles  it  was  always  my  policy  to  fly  as  high  as  possible, 
for  in  height  there  was  safety.  To  explain  the  foregoing 
statement  I will  say  that  the  gliding  angles  of  these  planes 
were  about  six  to  one,  in  other  words,  for  one  foot  verti- 
cal drop  of  plane,  you  could  glide  in  a horizontal  direction 
six  feet.  By  flying  at  a fairly  good  height  of  say  approx- 
imately 2000  feet,  this  would  mean  that  in  case  your  motor 
stopped,  if  landing  conditions  were  not  favorable  directly 
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underneath,  you  could  glide  a distance  of  over  a mile,  and 
in  this  radius  you  could  easily  pick  out  favorable  landing 
conditions. 

One  experience  above  all  others  will  always  remain 
vividly  impressed  upon  my  mind.  This  occurred  in  Cali- 
fornia in  a flight  from  Venice  to  Long  Beach,  a distance 
across  country  of  about  twenty  miles.  Both  towns  are  lo- 
cated on  the  coast.  I had  completed  my  exhibition  in  the 
former  place  and  was  flying  my  planes  to  Long  Beach  in 
order  to  be  shipped  East.  The  day  was  exceedingly  foggy 
and  the  clouds  hung  at  a distance  of  not  over  1000  feet 
above  the  earth.  As  I knew  the  course  well  between  these 
two  points,  I decided  to  mount  above  the  clouds  in  order 
to  strike  better  atmospheric  conditions.  My  readers  will 
understand  that  when  I make  the  statement  of  flying  above 
the  clouds  that  under  these  conditions  the  earth  is  absolutely 
blotted  from  view.  After  flying  for  what  I considered  to 
be  the  proper  time  to  cover  the  distance  between  these  two 
places,  I began  to  make  my  descent,  and  upon  coming 
through  the  cloud  banks  I found  that  instead  of  being  near 
Long  Beach  the  wind  had  carried  me  over  ten  miles  out  to 
sea.  Under  these  conditions  I was  absolutely  at  the  mercy 
of  my  motor  for  if  it  had  stopped  at  that  time,  there  would 
have  been  nothing  for  me  to  do  but  make  a landing  in  the 
water,  and  this  would  have  been  very  serious  as  there  is 
very  little  traffic  along  these  shores.  However  in  this  case, 
as  in  many  others,  my  motor  power  remained  faithful  to 
the  last  and  I was  able  to  reach  shore  without  any  further 
qualms. 

The  aeroplane  of  today  has  been  refined  in  many  de- 
tails over  the  machines  of  five  years  past,  as  to  workman- 
ship, construction  and  to  far  superior  motors.  But  as  to 
the  handling  of  the  plane  and  as  to  the  safety  of  the  oper- 
ator exclusive  of  the  above  features,  no  advancements 
have  been  made.  This  step  however  is  bound  to  see  the 
light  of  day  within  the;  near  future,  and  it  is  my  opinion 
that  in  the  next  twenty-five  years,  aviation  will  have  ad- 
vanced to  a point  where  there  will  be  comparative  safety 
in  the  operation  of  aeroplanes. 
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SOME  PHASES  OF  RAILWAY  TRAFFIC  STUDY 
WORK 

By  L.  E.  Stibbe,  ’15* 

Synopsis:  The  method  of  taking:  and  working:  up  the  data  and  the 

interpretation  of  the  results  of  a street  railway  traffic  study  is  described. 

The  profits  of  an  electric  road  depend  primarily  on 
the  effectiveness  of  its  schedule.  Especially  is  this  true 
in  the  case  of  city  lines  where  the  income  depends  almost 
exclusively  on  passenger  traffic,  when  it  is  necessary  that 
the  company  conform  in  a sense  to  the  movements  of  the 
people.  The  aim  of  the  company  should  be  to  have  only  a 
sufficient  carrying  capacity  at  the  proper  place  and  at  the 
proper  time.  The  number  of  passengers  carried  per  car 
mile  should  be  a maximum,  and  this  results  directly  from 
a proper  schedule,  which  in  turn  can  only  be  arranged 
with  a thorough  knowledge  of  the  movement  of  the  waves 
of  people,  their  magnitude,  and  the  time  when  such  waves 
occur.  More  than  this,  the  operation  of  a street  railway 
system  is  a public  enterprise,  and  due  to  this  fact  too,  it 
behooves  a company  to  strive  to  give  complete  and  efficient 
service  for  other  reasons  than  for  personal  financial  gain. 
Operation  in  congested,  or  even  frequently  congested  city 
districts,  is  subject  to  complications,  remedies  for  which 
become  almost  imperative.  It  is  acknowledged  that  for 
the  arrangement  and  application  of  a satisfactory  schedule, 
knowledge  of  details  regarding  the  service  and  traffic  con- 
ditions must  be  available,  and  this  can  best  be  obtained 
through  observations  and  data  taken  in  a thorough  traffic 
study. 

Traffice  studies,  therefore,  should  be  conducted  with 
a view  toward  determining  if  the  public  is  realizing  the  best 
possible  service,  under  the  most  profitable  operation  from 
the  company’s  standpoint.  The  data  should  be  sufficient 
to  make  it  truly  representative  of  all  or  many  conditions 
of  operation,  and  any  results  influenced  by  some  unusual 
occurrence  should  be  recognized  and  noted.  Observations 
should  not  only  be  made  throughout  the  entire  day,  but  the 
study  should  extend  over  a period  of  time  sufficient  to  in- 
clude ‘possible  changes  in  business  and  weather  conditions. 

Different  methods  of  obtaining  data  may  be  used.  Ob- 
servers may  be  stationed  at  some  point  of  maximum  loads 
along  the  route  to  record  the  loads  on  all  cars  that  pass. 


* The  General  Electric  Co.,  Schenectady,  N.  V. 
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This  method  can  be  used  only  to  find  approximately  how 
the  loads  occur  and  how  they  are  being  handled,  and  only 
on  the  more  simple  city  lines.  A more  complete  method  is 
to  ride  on  all  the  cars  or  on  a representative  car  the  en- 
tire length  of  its  route,  recording  the  changes  in  load 
at  each  stop,  the  character  of  the  traffic,  and  all  the 
conditions  obtaining.  Fig.  No.  1 is  a facsimile  of  a data 
sheet  with  data  taken  by  the  latter  method,  which,  as 
are  also  the  figures  following,  is  taken  from  the  results  of 
an  extensive  traffic  study  on  one  of  the  city  lines  of  the 
LaFayette  (Indiana)  Street  Railway  system. 

Referring  now  to  Fig.  No.  1,  at  the  top  is  recorded 
some  general  data.  In  the  ruled  sections  below  is  found 
the  special  data,  which  includes  for  one  trip,  “out”  and 
“in,”  the  number  of  people  who  get  on  or  off  at  each  stop, 
their  classification,  the  time  consumed  at  each  stop, — taken 
with  a stop  watch, — the  number  standing  in  the  car,  and 
the  total  number  of  passengers  being  carried.  The  latter 
item  is  readily  calculated  after  the  trip  is  made.  The  num- 
ber standing  is  taken  so  that  if  a few  passengers  usually 
stand  by  preference,  the  virtual  capacity  of  the  car  may 
be  taken,  when  considering  overloads,  as  a certain  per- 
centage above  its  seating  capacity.  In  the  parenthesis  are  re- 
corded the  register  readings  at  the  end  of  the  trip  each  way. 
These  values,  due  to  some  children  and  so  called  dead- 
heads riding,  is  usually  smaller  than  the  total  number  of 
people  carried  for  the  trip,  and  may  be  used  to  calculate  a 
percentage  of  paying  passengers. 

The  calculated  values  tabulated  in  the  “Total  On”  col- 
umn are  the  actual  loads  at  points  along  the  route,  and  tak- 
en collectively  they  show  readily  how  the  load  on  the  car 
actually  varied.  The  method  in  most  common  use  for  rep- 
resenting this  variation  is  by  the  use  of  curves  plotted  with 
these  values  of  load  as  ordinates,  corresponding  to  points 
along  the  route  as  abscissae.  Fig.  No.  2 shows  a so-called 
load-curve  for  one  trip  “out”  and  “in.”  Besides  showing 
the  general  variation  in  load  over  the  route,  it  is  drawn  to 
show  the  loads  to  be  constant  between  stops  and  the  change 
in  load  at  each  stop.  The  comfortable  load  line  is  drawn 
at  the  value  of  the  virtual  capacity  of  the  car  as  calculated 
by  the  method  explained  above. 

It  is  obvious  that  values  for  these  load  curves  must  be 
average  values.  If  it  is  seen  that  the  waves  of  traffic  oc- 
cur in  a relatively  similar  way  on  certain  days  of  the  week, 
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MARCH  6,  1915. 

CAR  NO.  226  OBSERVER  L.  E.  S.  TEMP.— 30°  F. 
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FIG.  1. 


then  data  taken  on  these  days  should  be  grouped  and  aver- 
aged together.  Again,  it  is  reasonable  to  suppose  that  the 
traffic  will  vary  according  to  a rule  at  the  same  periods  of 
the  days  in  any  one  group.  Therefore,  load  values  should 
also  be  averaged  from  data  taken  at  the  same  hours.  Con- 
sequently, a set  of  hourly  load-curves  should  consist  of  one 
for  each  period  of  time  embracing  the  time  of  the  trip  and 
there  should  be  as  many  such  sets  as  there  are  groups  of 
days  on  which  the  traffic  is  held  to  be  similar. 
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Fig.  2. 


If  a general  average  load-curve  is  desired  represent- 
ing all  the  days  on  which  observations  were  made,  values 
for  it  may  be  found  by  adding  the  loads  realized  at  each 
point  on  the  route  for  all  the  trips  made  and  dividing  by 
the  number  of  trips.  Or  if  values  for  the  sets  of  hourly 
load  curves  have  been  found,  these  may  be  added  for  each 
point  on  the  route,  and  the  sum  divided  by  the  number  of 
sets  of  curves  being  used. 

The  type  of  curves  spoken  of  thus  far  are  very  good 
to  depict  conditions  of  traffic  within  the  limits  of  the  route 
and  for  any  period  of  the  day.  However,  besides  knowing 
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the  variation  in  load  within  the  time  of  the  run  or  trip,  and 
for  a succession  of  consecutive  trips,  it  is  often  desirable 
and  interesting  to  know  the  variation  of  the  maximum  load 
with  time,  extending  over  a period  of  a whole  day.  To  this 
end  so-called  all-day  load-curves  for  any  group  of  days 
may  be  drawn  as  shown  in  Fig.  No.  3.  These  curves  show 
the  variations  in  the  total  number  of  people  carried  per 
trip.  But  similarly  for  a group  of  days  they  must  repre- 
sent average  values  and  as  such  may  be  transferred  from 
the  highest  point  on  each  of  the  hourly  load-curves  already 
drawn.  In  a word,  these  curves  show  the  total  number  of 
people  riding  “in”  and  “out”  at  all  times  of  the  day. 

The  first  indication  of  an  incompetent  schedule  and 
poor  service  is  the  existence  of  frequent  and  successive 
over-loads.  From  the  company’s  standpoint  unsatisfactory 
service  is  more  quickly  made  evident  by  consistent  zero- 
loads. The  necessity  for  improvement  as  well  as  its  pos- 
sibility lies  in  the  recurrence  of  these  abnormal  loads.  The 
waves  of  heavy  traffic  that  a schedule  must  sometimes  be 
corrected  to  relieve  are  shown  most  readily  on  the  all-day 
load-curves.  Referring  again  to  Fig.  No.  3,  they  are  seen 
to  be  of  but  short  duration  and  may  be  accounted  for  in  this 
case  as  follows:  Workmen  and  clerks  go  “in”  from  6:30 
to  8 130  in  the  morning ; clerks  and  business  men  go  home 
at  12  :oo  M. ; and  some  return  about  1 :oo  P.  M. ; shoppers 
and  clerks  return  home  from  5:00  to  6:00  P.  M.,  thus 
causing  the  only  average  over-load  for  the  group  of  days 
that  this  curve  represents ; theatre  goers  and  others  go  “in” 
about  7 130  P.  M.,  and  larger  loads  of  the  same  go  “out” 
after  nine  o’clock. 

Cars  are  generally  chosen  to  best  suit  the  purposes 
which  they  will  serve.  They  and  their  equipment  are  de- 
signed to  give  the  most  satisfactory  service  in  their  sphere 
of  operation.  For  instance,  the  power  and  braking  equip- 
ment on  a car  used  in  a congested  business  district  must 
be  such  as  to  accelerate  and  decelerate  the  car  quickly. 
More  than  this,  the  cars  themselves  may  be  designed  to  en- 
able the  passengers  to  move  more  advantageously,  thus  re- 
ducing the  time  of  stop  to  a minimum,  which  in  turn  re- 
duces the  time  necessary  to  complete  a trip.  To  compare 
in  this  respect  the  use  of  cars  of  different  designs,  the  data 
recorded  on  the  time  of  stops  is  utilized.  Thus  it  may 
be  found  that  a single  vestibuled  Monitor  type  car  may 
be  much  less  efficient  in  handling  passengers  than  the  more 
recent  P.  A.  Y.  E.  or  Near  Side  cars  or  those  with  a center 
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entrance  or  the  double  vestibuled  type.  To  represent  ef- 
fectively the  results  on  the  time  of  stops  there  should  be 
figured  an  average  value  per  passenger  of  time  in  seconds 
required  to  board  or  alight  for  separate  cases  when  differ- 
ent numbers  of  passengers  get  on  or  off. 

The  foregoing  are  the  more  important  results  and  facts 
disclosed.  Other  things  of  more  or  less  detail  may  be  dwelt 
upon  such  as  car  heating  and  ventilation,  courtesy  of  em- 
ployees, convenience  in  placing  cars,  how  the  qualities  of 
traffic  affect  the  service,  etc.,  suggestions  for  which  develop 
out  of  the  particular  conditions  and  circumstances  in  hand. 
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The  study  in  which  the  writer  was  interested,  and  from 
which  the  foregoing  plates  were  taken,  was  made  for  ten 
complete  days.  The  average  maximum  load  “out”  and  “in” 
respectively  during  the  whole  period  was  only  40%  and 
25%  of  the  comfortable  load,  and  at  no  time  was  it  seen 
advisable  to  lighten  the  schedule.  The  percentage  of  pay- 
ing passengers  for  six  of  the  ten  days  was  88%  to  94% 
of  the  total  number  carried.  Such  statistics  are  perhaps 
not  uncommon.  Problems  that  confront  officials  of  any 
public  utility  company  are  seldom  comprehended  by  the 
complaining  public  which  does  not  even  realize  that  there 
is  a limit  to  the  distance  a patron  can  profitably  be  carried 
for  the  customary  hve-cent-fare.  Moreover,  with  the  com- 
ing of  the  jitney  in  very  recent  years,  electric  railways  have 
met  a not  only  formidable  but  unfair  competitor,  and  leg- 
islation will  be  gladly  welcomed  that  puts  these  two  operat- 
ing companies  on  a more  equal  basis,  sharing  alike  the  ex- 
pense and  responsibility,  as  well  as  profits.  Too  often  we 
find  those  who  look  defiantly  at  a needful  corporation  as  if 
at  the  hand  of  an  oppressor,  and  a more  congenial  and  co- 
operative spirit  can  only  be  obtained  through  a more  gen- 
erally educated  public. 
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IS  THE  ANSWER  YES  OR  NO? 

By  F.  F.  Chandler,  ’99* 

Synopsis:  Mr.  Chandler  in  this  paper  condemns  the  Public  Service 

Corporations  for  not  performing  the  service  to  the  Public  that  their  name 
implies  and  that  their  franchises  require.  As  an  example  of  a successful 
municipal  owned  utility,  the  small  isolated  power  plants  of  Germany  are 
cited,  and  the  reason  for  their  successful  operation  explained.  It  is  claimed 
that  Public  Service  Corporations  in  this  country  are  in  the  hands  of  fin- 
anciers, who  manipulate  them  so  as  to  yield  large  dividends  to  themselves, 
and  the  Public  has  to  pay  the  bill.  Prediction  is  made  that  this  country 
is  coming  to  municipal  ownership. 

This  is  not  a love  story  or  a novel  with  a detective 
sleuth  plot,  although  it  must  be  admitted  that  the  caption 
has  an  air  of  mystery  about  it.  But  as  the  subject,  itself, 
is  more  or  less  mysterious,  it  is  felt  that  the  caption  is  as 
good  as  any  which  could  be  selected.  Like  a great  many 
citizens  who  live  in  any  city  large  enough  to  boast  of  hav- 
ing Public  Service  Utilities,  the  writer  has  a suspicion  that 
these  organizations  of  capital  are  not  really  Public  Utilities 
at  all,  but  are  in  reality  footballs  in  the  scrimmage  for 
wealth.  What,  in  truth,  is  to  be  dealt  with  in  this  paper  is 
therefore,  “Shall  we  have  municipal  ownership?”  Is  the 
answer  yes  or  no? 

In  any  game  of  athletics  the  real  way  to  become  fa- 
miliar with  the  feints  of  the  adversary  is  to  play  the  game 
against  him.  Feint  is  a good  word.  The  dictionary  says 
that  it  means  pretense  or  mock  attack,  and  mock  attack 
means  to  pretend  to  do  something  which  is  not  intended 
to  be  done. 

Public  Service  Corporation  is  a phrase  pleasing  to  hear. 
It  is  a good  selection  of  words  meant  to  carry  a high  toned 
thought,  but  let  us  see  what  the  word  “serve”  means.  “Serve” 
means  to  be  subordinate  or  subservient  to,  to  aid  by  good 
offices,  to  minister  to  the  wants  or  well  being  of.  We  must, 
all  of  us,  admit  immediately  that  Public  Service  Corpora- 
tions are  not  subordinate  or  subservient  to  the  people.  They 
do  minister  to  the  wants  or  well  being  of  the  people,  but  not 
in  the  big  wholesome  way  that  the  word  service  implies. 
In  short,  they  do  not  serve  the  public  as  well  as  they  could 
and  should  do,  and  they  therefore  pretend  to  do  something 
which  they  do  not  accomplish.  This  is  a rather  plain  way 
of  saying  it,  but  just  play  the  game  against  these  adversar- 
ies for  a while  and  you  will  find  out  that  these  statements 
are  true. 


* Sales  Manager,  The  Chandler  & Taylor  Co.,  Indianapolis,  Ind. 
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The  writer  does  not  mean  that  the  people  would  be 
better  off  without  these  Public  Service  Corporations,  be- 
cause that  would  not  be  true.  The  fact  is  certainly  appre- 
ciated that  good  light,  good  heat,  good  water,  good  trans- 
portation, etc.,  are  all  conveniences  which  every  one  is  bet- 
ter off  for  having.  It  is  found,  however,  that  when  our 
franchises  are  given  up  for  these  benefits,  we  still  have  to 
fight  to  get  the  benefits,  and  generally  speaking,  we  have  to 
pay  more  for  them  when  we  do  get  them  than  the  same 
service  is  worth.  It  is  felt  that  if  the  public  only  knew 
what  the  writer  has  learned  from  long  contact  with  public 
utilities,  they  would  vote  for  municipal  ownership  at  the 
first  opportunity. 

Because  a study  of  whether  or  not  we  should  have  mu- 
nicipal ownership  is  an  interesting  one  and  one  which  the 
readers  of  the  Purdue  Engineering  Review,  as  engineers, 
should  delight  in,  the  writer  wishes  to  point  out  some  gen- 
eral facts  in  connection  with  the  problem.  It  can  be  said 
of  municipal  ownership  of  Public  Utilities  that  it  has  no 
reason  to  exist  unless  the  people  can  themselves  own  and 
operate  the  utilities  at  a less  cost  than  the  price  which  they 
are  compelled  to  pay  when  the  utilities  are  privately  owned. 
The  problem  therefore  becomes  this : Can  utilities  be  oper- 
ated more  cheaply  by  the  people?  If  they  can,  then  the 
people  will  want  municipal  ownership.  The  writer  believes 
that  the  answer  is  “yes”  and  that  privately  owned  utilities, 
or  a great  many  of  them  at  least,  could  serve  the  public  and 
more  cheaply  than  they  do.  They  will  not  do  so,  however, 
unless  they  are  forced  to  it. 

There  are  a great  many  items  which  have  to  be  care- 
fully weighed  in  this  consideration.  No  particular  problem 
will  be  taken  up  and  analyzed  carefully  for  you,  but  there 
are  some  pertinent  facts,  made  by  precedents  which  stand 
out  strongly  in  favor  of  letting  the  people  serve  themselves. 

Electricity,  for  instance,  costs  the  people  of  Germany 
one-half  of  what  it  costs  in  this  country.  In  Germany,  this 
electricity  is  made  with  coal  which  costs  four  or  five  times 
what  coal  costs  in  this  country  and  coal  is  next  to  the  larg- 
est item  in  the  cost  of  production.  Labor  is  the  item  which 
comes  next  to  coal.  Labor  is  cheaper  in  Germany  than  in 
the  United  States  but  not  enough  cheaper  to  account  for 
this  great  difference  in  the  cost  to  the  consumer. 

There  is  a large  loss  in  the  transmission  and  transfor- 
mation of  electric  current.  It  is  surprising  to  know  that 
such  losses  between  the  switch  board  and  the  customers’ 
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meters  vary  from  25%  to  40%.  In  the  great  progressive 
metropolis  of  New  York  it  is  stated  that  this  loss  is  42%. 
This  loss  of  current  in  this  country  is  partially  accounted 
for  by  the  custom  of  building  one  large  generating  station 
and  the  consequent  long  transmission  lines.  Abroad,  the 
generating  stations  are  smaller  and  are  larger  in  number.  The 
building  of  these  at  logical  distribution  centers  cuts  down  the 
transmission  loss.  Railroads  find  this  same  difficulty  in 
handling  cars  in  one  large  terminal.  The  cost  per  car  is 
larger  than  if  the  terminals  are  smaller  and  more  advan- 
tageously situated.  Central  station  managers  say  that  if 
the  insurance  companies  in  the  United  States  would  let 
them  string  their  lines  as  they  are  permitted  to  string  them 
in  Germany,  the  line  investment  would  drop.  It  is  argued 
that  if  the  lines  in  Germany  are  strung  so  cheaply  and  in 
a way  so  that  the  fire  hazard  is  increased  (as  is  claimed 
here)  then  the  line  losses  in  Germany  would  be  greater  than 
they  are  here.  The  comparative  cost  of  current  there  is 
lower  so  that  the  argument  does  not  “hold  water.” 

In  this  country  some  of  the  board  of  underwriters  have 
been  guilty  of  conniving  with  central  station  interests  and 
have  passed  rules  and  regulations  which  have  favored  Cen- 
tral Stations.  These  rules  have  been  against  the  interest 
of  isolated  plants.  Private  plants  to  some  degree  carry  out 
the  economical  divisional  idea  of  generating  stations  which 
have  proved  economical  in  Europe.  As  the  overhead 
charges  of  conducting  central  station  business  in  this  coun- 
try is  about  two  and  one-half  times  the  cost  of  producing 
the  current,  this,  then,  becomes  the  first  place  to  criticise 
closely. 

Even  those  items  of  overhead  expense  in  Germany 
such  as  taxes,  interest,  insurance,  salaries,  etc.,  are  no  small- 
er in  per  cent  than  they  are  here.  If  this  is  true,  then  the 
present  rate  theories  in  this  country  are  harmful  as  well  as 
beneficial  to  the  interests  which  use  them. 

While  a large  share  of  the  overhead  expense  is  made 
up  of  interest  charges  on  watered  stocks  and  bonds,'  yet 
there  is  also  incorporated  in  the  overhead  expense  a large 
item  for  advertising  and  for  salaries  of  the  solicitors  who 
try  to  induce  owners  of  isolated  plants  to  shut  them  down. 
It  costs  money  to  do  this  and  even  if  the  plant  is  shut  down 
it  is  often  done  at  a rate  so  low  that  the  price  will  not  per- 
mit the  rate  to  carry  any  proportion  of  the  overhead  ex- 
pense whatever.  A member  of  the  Indiana  Public  Service 
Commission  has  admitted  that  such  rates  do  exist.  The 
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result  of  this  method  of  dealing  loads  upon  the  central 
station  with  more  equipment,  which  costs  money  and  which 
also  calls  for  further  watering  of  stock,  puts  the  burden  on 
the  small  consumer. 

The  above  facts,  which  show  that  current  is  sold 
cheaper  abroad  than  it  is  sold  here,  may  leave  you  wonder- 
ing where  the  real  trouble  lies.  Abroad,  the  current  is  pro- 
duced in  a number  of  stations  instead  of  one;  the  produc- 
tion costs  less  in  spite  of  the  high  fuel  cost;  the  line  losses 
are  less ; the  interest  charge  is  less.  Perhaps  you  do  not 
know  that  in  plants  as  small  as  35  K.  W.  the  coal  needed 
amounts  only  to  about  one  and  one-half  pounds  per  K.  W. 
hour. 

Look  up  what  it  costs  here.  In  this  country,  central 
station  engineers  have  admitted  that  they  can  not  hope  to 
compete  with  an  isolated  plant  which  has  use  for  all  its  ex- 
haust steam.  Furthermore,  exhaust  steam  will  produce  a 
ton  of  ice  in  24  hours  for  every  three  engine  horse  power 
produced.  Ice  has  been  produced  as  a by-product  in  Cen- 
tral stations  for  29c  a ton.  Roughly  speaking,  if  central 
stations  should  go  into  the  ice  business,  then  privately 
owned  ice  plants  would  have  no  cause,  to  exist  and  the  price 
of  ice  would  drop  to  8 or  10  cents  per  hundred  pounds  in- 
cluding the  delivery.  What  do  you  pay  for  ice? 

Of  course,  this  would  mean  a fight  from  the  ice  man, 
but  you,  as  engineers,  should  interest  yourselves  in  these 
things.  You,  as  citizens,  should  interest  yourselves  in  the 
juggling  of  securities  as  is  carried  on  by  the  central  stations. 
It  is  nothing  short  of  criminal.  Some  day  the  people  are 
going  to  settle  this  condition  correctly. 

The  writer  has  no  intention  of  fighting  against  private- 
ly owned  utilities  when  they  are  properly  conducted.  But 
the  Merchants  Heat  & Light  Co.,  of  Indianapolis,  for  ex- 
ample, started  with  about  $275,000  in  stock.  They  did  not 
build  much  of  a plant  but  used  exhaust  steam  to  good  ad- 
vantage. They  grew  into  prominence  on  that  account,  at- 
tracting the  attention  of  capitalists.  Then  came  the  usual 
issuing  of  preferred  stock  and  bonds,  which  after  all  is 
only  another  way  of  borrowing  money  which  a bank  would 
not  lend.  Interest  has  been  paid  right  along  and  this  com- 
pany now  values  itself  at  about  $6,000,000.  An  interesting- 
chapter  in  the  career  of  this  utility  shows  that  in  one  trans- 
fer a very  few  men  netted  nearly  $700,000.  Its  president 
is  stated  to  have  received  $400,000  of  this  amount.  His 
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profit  alone  was  about  150%  of  the  original  investment.  The 
Indianapolis  Water  Company  starting  out  with  half  a mil- 
lion dollars,  has  paid  out  dividends  of  $6,000,000  and  has 
$8,000,000  left.  The  newspapers  show  these  conditions  to 
exist  all  over  the  country. 

A good  many  cities  now  have  most  successful  munici- 
pally owned  plants.  Anderson  and  Richmond  in  Indiana, 
Detroit  and  Cleveland  have  their  own  electric  light  plants, 
St.  Louis  and  many  other  cities  own  their  water  works,  and 
it  would  pay  one  to  investigate  their  rates  and  earnings. 

It  is  true  that  many  places  have  shown  failures  but  the 
cause  has  always  been  politics.  Is  there  any  less  sense  in 
having  municipally  owned  water,  light  or  ice  plants  or  in- 
cinerators than  there  is  in  having  municipally  owned  streets, 
sewers  and  fire  protection?  If  you  as  engineers  will  look 
into  the  advantage  which  will  come  from  the  combination 
of  plants,  the  result  will  be  surprising.  It  is  in  this  manner 
that  the  German  industrial  engineers  gain  prominence. 
There,  they  feel  that  if  they  take  care  of  the  pfennigs,  the 
marks  will  take  care  of  themselves,  while  in  this  country 
the  financiers  will  take  care  of  the  millions  if  the  “easy 
marks”  will  let  them  alone.  The  writer  is  not  a socialist 
but  he  thinks  he  has  a keen  sense  of  justice. 

In  conclusion,  the  absolute  prediction  is  made  that  we 
as  a country  are  coming  to  municipal  ownership.  We  are 
going  to  furnish  ourselves  with  water,  light,  gas,  ice  and 
garbage  and  rubbish  disposal  and  we  are  going  to  do  it 
better  and  cheaper  than  it  is  now  done.  Are  you  as  engin- 
eers preparing  yourselves  for  it?  If  not,  you  are  missing  a 
big  opportunity. 
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LOSS  OF  HEAD  IN  PIPES,  BENDS,  VALVES  AND 
OTHER  FITTINGS 

By  W.  E.  Stanley* 

Synopsis:  This  article  gives  the  results  of  an  extensive  series  of 

experiments  conducted  in  the  Hydraulic  Laboratory  of  Purdue  University 
for  the  purpose  of  determining  the  friction  losses  in  bends  of  various  radii, 
and  in  valves  of  several  types  and  at  different  openings.  The  apparatus 
and  the  method  of  conducting  the  tests  is  described  in  detail. 

The  flow  of  water  in  pipes  is  something  with  which 
almost  every  person  is  more  or  less  acquainted,  yet  this  very 
common  action  brings  into  existence  many  problems  which 
have  attracted  the  attention  and  taxed  the  abilities  of  some 
of  the  best  hydraulic  engineers  and  hydraulicians  in  the  past. 

One  of  the  important  questions  in  this 'connection  is 
that  of  the  quantity  of  energy  necessary  to  overcome  the 
frictional  and  other  resistances  to  the  flow  in  a pipe  line. 
Many  experiments  have  been  conducted,  both  in  the  labora- 
tory and  in  the  field,  upon  pipes  varying  in  diameter  from 
1 -10  inch  to  90  inches  in  the  endeavor  to  establish  the  rela- 
tion between  the  velocity  of  flow  and  the  loss  of  head  for 
that  velocity.  A large  amount  of  data  have  become  available 
from  these  experiments  for  the  use  of  the  engineer,  from 
which  he  may  estimate,  with  some  degree  of  accuracy,  the 
losses  which  will  occur  in  the  straight  portions  of  a pipe  line ; 
but,  as  yet,  data  from  which  an  estimate  may  be  made  of  the 
losses  due  to  the  bends,  valves  and  many  other  standard  and 
special  fittings  to  be  found  in  any  pipe  line  are  extremely 
limited  in  both  quantity  and  quality. 

It  is  the  object  of  this  article  to  describe  and  present  a 
few  of  the  general  results  of  an  extensive  series  of  experi- 
ments conducted  from  April  to  June,  1915,  in  the  Hydraulic 
Laboratory  of  Purdue  University,  primarily  to  study  the 
effects  of  bends  of  various  radii,  valves  of  several  types  and 
at  different  openings,  and  several  standard  and  special  pipe 
fittings.  The  experimental  work  was  performed  by  the 
writer  as  a part  of  his  graduate  thesis  and  by  Mr.  I.  Mazur, 
T5,  who  used  the  part  pertaining  to  bends  as  an  under-grad- 
uate thesis.  All  experiments  were  made  on  i-inch  pipe  and 
fittings. 

The  pipe  used  was  ordinary  commercial  black  wrought- 
iron  or  steel  pipe  having  an  average  internal  diameter  of 
1.0306  inches,  as  determined  from  measurements  by  a ver- 
nier caliper  at  each  end  of  all  pieces  used.  The  pipe  line, 
as  set  up  for  testing,  consisted  of  three  experimental  sec- 
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tions.  The  first  section  contained  a bend  and  two  tangents 
of  straight  pipe;  the  second  section  was  40  feet  of  straight 
pipe ; the  third  section  contained  a valve  and  two  lengths  of 
straight  pipe. 


Fig.  1. 


The  loss  of  head  through  each  section  of  the  pipe  line 
was  obtained  by  either  a water  differential  gauge  or  a mer- 
cury differential  gauge  (Fig.  1)  connected  by  a ^4 -inch 
wrought  iron  pipe  to  specialize  piezometer  rings  at  each  end 
of  the  section.  Losses  of  head  for  low  velocities  were  de- 
termined by  the  water  gauges  while  those  for  the  higher 
velocities  were  determined  by  the  mercury  gauges.  In  a few 
cases,  pressure  gauges  were  used  when  the  losses  were  be- 
yond the  range  of  the  mercury  gauges. 
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Fig.  2. 

Tests  were  conducted  on  the  bends,  valves,  and  fittings 
shown  in  Fig.  2.  Bends  Nos.  i to  6,  inclusive,  were  made 
by  bending  to  the  proper  radius  lengths  of  pipe  similar  in 
character  to  the  straight  pipes.  Bends  Nos.  7 and  8,  respec- 
tively, were  standard  “long  turn”  and  “short  turn”  cast-iron 
90°  elbows.  No.  9 was  a standard  cast-iron  “long  sweep 
special”  tee,  and  No.  10  was  an  ordinary  standard  cast-iron 
tee.  The  valves  were  standard  brass  valves,  No.  1 being  a 
gate  valve,  No.  2 a globe  valve,  and  No.  3 a check  valve. 

In  conducting  the  experiments,  the  method  used  was 
such  that  simultaneous  readings  were  taken  over  all  three 
experimental  sections,  the  gauges  being  located  so  that  one 
observer  could  take  care  of  the  bend  and  the  40  feet  of 
straight  pipe  sections  while  the  second  observer  took  care  of 
the  valve  section  and  the  weighing  of  the  water  used. 

Twenty-five  to  thirty  runs  of  three  to  ten  minutes  dur- 
ation were  made  on  each  bend  and  for  each  valve  setting, 
with  velocities  from  1 to  13  feet  per  second.  After  complet- 
ing the  experiments  on  the  bends,  valves  ' and  other  fittings, 
the  pieces  of  pipe  forming  the  tangents  in  the  bend  and  valve 
sections  and  the  40  feet  of  straight  pipe  section  were  all 
connected  together  making  a straight  length  of  80.09  feet 
for  which  length  a series  of  values  for  loss  of  head  was  de- 
termined. Altogether  514  runs  were  made,  comprising  ap- 
proximately 18,000  readings  of  gauges  and  weights. 
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Effect  of  Straight  Pipe 

The  loss  of  head  per  ioo  feet  of  straight  pipe  as  deter 
mined  by  observing  the  loss  of  head  over  the  80.09  feet  of 
straight  pipe  section  is  plotted  in  Fig.  3 as  ordinates  with 
velocity  as  abscissa.  From  these  results  it  was  found  that 
the  loss  of  head  per  100  feet  of  straight  pipe  could  be  ex- 
pressed by  the  exponential  equation 

hi  = 0.5965  F1-925 

where  hi  represents  head  lost  in  feet  of  water  and  V repre- 
sents velocity  of  flow  in  feet  per  second. 

Effect  on  Curvature 

The  losses  of  head  observed  across  the  bend  experi- 
mental section  included  the  loss  of  head  due  to  the  friction  in 
20  feet  of  the  two  tangents  of  straight  pipe,  the  loss  of  head 
due  to  friction  in  the  bend  and  the  loss  of  head  due  to  the 
change  in  direction  of  flow.  From  the  observed  loss  of 
head  an  amount  was  subtracted  equal  to  the  loss  of  head 


Fig  4. 
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which  would  occur  for  the  same  velocity  in  a length  of 
straight  pipe  equal  to  the  center  line  length  of  the  bend  sec- 
tion. The  remaining  quantity  was  the  value  of  the  excess 
loss  of  head  due  to  curvature. 

In  Fig.  4 the  curvature  losses  for  velocities  of  3,  5,  and 
10  feet  per  second  are  plotted  as  ordinates  with  the  radius 
of  curvature  expressed  in  terms  of  pipe  diameters  as  ab- 
scissae. 

Fig.  4 indicates  that  the  curvature  loss  is  a minimum 
when  the  radius  of  curvature  is  5 to  7 diameters,  then 
reaches  a maximum  when  the  radius  qf  curvature  is  about 
20  diameters,  beyond  which  point  the  loss  decreases  with  in- 
crease of  radius  of  curvature. 
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Effect  of  Vaeves 

From  the  observed  loss  of  head  in  the  valve  section,  a 
quantity  was  subtracted  equal  to  the  loss  of  head  in  the  20 
feet  of  the  two  lengths  of  pipe  for  the  same  velocity.  The 
remaining  quantity  represented  the  loss  of  head  due  to  the 
valve  in  the  pipe  line. 

In  Fig.  5 the  losses  in  the  gate  and  globe  valves  for 
velocities  of  5 and  10  feet  per  second,  obtained  in  the  above 
manner,  are  plotted  as  ordinates  with  the  valve  opening  ex- 
pressed in  per  cent,  of  the  maximum  opening  as  abscissae. 

From  Fig.  5 we  see  that  closing  a gate  valve  does  not 
greatly  increase  the  resistance  until  it  is  40  per  cent,  closed 
for  a velocity  of  10  feet  per  second  or  60  per  cent,  closed 
for  a velocity  of  5 feet  per  second.  The  loss  caused  by  a 
globe  valve  is  much  greater  than  that  caused  by  a gate  valve 
for  wide  open  valves,  but  does  not  increase  greatly  until  the 
valve  is  more  nearly  closed. 

In  Table  A are  tabulated  the  lengths  of  straight  pipe 
which  would  give  the  same  loss  of  head  as  obtained  in  the 
above  manner  for  the  gate  and  globe  valves  wide  open  and 
for  the  check  valve  with  the  check  in  place  and  with  the 
check  removed. 

The  loss  of  head  in  a gate  valve  wide  open  as  compared 
to  the  loss  of  head  in  straight  pipe  decreases  with  an  increase 
of  velocity,  while  for  the  globe  valve  wide  open  and  the 
check  valve,  the  ratio  increases  with  an  increase  of  velocity. 

From  the  last  column  in  Table  A,  we  find,  for  an  aver- 
age, that  a gate  valve  is  equivalent  to  about  8 diameters  of 
straight  pipe  and  that  the  globe  valve  wide  open  and  the 
check  valve  are  each  equivalent  to  about  25  diameters  of 
straight  pipe. 

Effect  of  Standard  Eebows  and  Tees 

If  from  the  observed  losses  across  the  bend  section  the 
loss  of  head  due  to  the  20  feet  of  the  two  tangents  of  straight 
pipe  be  subtracted  the  remaining  quantity  will  be  the  value 
of  the  total  loss  of  head  due  to  the  bend. 

By  inserting  90°  elbows  and  tees  instead  of  the  bends 
the  total  loss  of  head  caused  by  the  elbows  and  tees  was  de- 
termined in  the  above  manner.  These  total  losses  were 
plotted  in  Fig.  3 as  ordinates  with  the  velocities  as  abscissae. 
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TABLE  A— EQUIVALENT  LENGTH  OF  STRAIGHT  PIPE  FOR  LOSS  OF  HEAD  IN 
VALVES  AND  STANDARD  FITTINGS. 


Velocity,  feet  per  second  . _ __  __  

12 

10 

7 

5 

3 

Str.  Pipe  Loss  per  foot,  feet 

0.714 

0.502 

0.252 

0.132 

0.059 

Avrg. 

Valve  loss,  feet 

0.36 

0.28 

0.18 

0.13 

0.04 

Gate  Valve, 

Equiv.  length  of 

feet 

0.504 

0.557 

0.715 

0.985 

0.810 

0.714 

wide  open 

Str.  Pipe,  in. 

Pipe  Diam. 

5.9 

6.5 

8.3 

11.5 

9.4 

8.3 

Valve  loss,  feet  _ 

15.60 

10.80 

5.32 

2.76 

0.96 

Globe  Valve, 

Equiv.  length  of 

feet 

2.19 

2.15 

2.11 

2.09 

1.96 

2.10 

wide  open 

Str.  Pipe,  in. 

Pipe  Diam. 

25.5 

25.1 

24.6 

24.4 

22.8 

24.5 

16.30 

11.30 

5.58 

2.88 

1.02 

Check  Valve 

Equiv.  length  of 

feet 

2.28 

2.25 

2.21 

2.18 

2.08 

2.20 

Str.  Pipe,  in. 

JPipe  diam. 

26.2 

25.9 

25.4 

25.1 

24.1 

25.3 

Valve  loss,  feet 

14.20 

9.91 

4.91 

2.54 

0.89 

Check  Valve, 

Equiv.  length  ofi 

1 feet 

1.99 

1.97 

1.95 

1.92 

1.82 

1.93 

check  removed 

Str.  Pipe,  in.  \ 

(Pipe  Diam. 

22.9 

22.7 

22.5 

22.1 

21.0 

22.2 

Elbow  loss,  feet  _ 

2.75 

1.80 

0.795 

0.370 

0.115 

St’d  “Short  Turn” 

Equiv.  length  ofi 

1 feet 

3.85 

3.59 

3.16 

2.80 

2.35 

3.15 

90°  Elbow 

Str.  Pipe,  in.  \ 

(Pipe  Diam. 

44.8 

41.8 

36.8 

32.6 

27.4 

36.7 

Elbow  loss,  feet  _ 

1.79 

1.19 

0.536 

0.253 

0.081 

St’d  “Long  Turn” 

Equiv.  length  ofi 

\ feet 

2.51 

2.37 

2.13 

1.92 

1.65 

2.11 

90°  Elbow 

Str.  Pipe,  in.  \ 

(Pipe  Diam. 

29.2 

27.6 

24.8 

22.4 

19.2 

24.6 

St’d  C.  I.  Tee, 

Tee  loss,  feet 

3.06 

2.01 

0.894 

0.421 

0.134 

water  leaving  at 

Equiv.  length  ofj 

\ feet 

4.29 

4.00 

3.55 

3.19 

2.74 

3.55 

side 

Str.  Pipe,  in.  j 

[Pipe  Diam. 

50.0 

46.6 

41.3 

37.2 

31.9 

41.4 

St’d  C.  I.  Tee, 

Tee  loss,  feet 

3.80 

2.52 

1.12 

0.530 

0.169 

water  entering  at 

Equiv.  length  ofj 

[ feet 

5.32 

5.02 

4.44 

4.02 

3.45 

4.45 

side 

Str.  Pipe,  in.  j 

[Pipe  Diam. 

62.0 

58.5 

51.7 

46.8 

40.2 

51.8 

St’d  C.  I.  “Long 

Tee  loss,  feet 

3.07 

2.05 

0.934 

0.451 

0.148 

Sweep  Special  Tee,” 

Equiv.  length  ofj 

[ feet 

4.30 

4.08 

3.71 

3.42 

3.02 

3.71 

water  leaving  at  side 

Str.  Pipe,  in.  j 

iPipe  Diam. 

50.1 

47.6 

43.3 

39.9 

35.2 

43.2 

St’d  C.  I.  “Long 

Tee  loss,  feet 

2.82 

1.82 

0.795 

0.359 

0.108 

Sweep  Special  Tee,” 

Equiv.  length  ofj 

\ feet 

3.95 

3.63 

3.16 

2.72 

2.20 

3.13 

water  enter’g  at  side 

Str.  Pipe,  in.  j 

(Pipe  Diam. 

46.0 

42.3 

36.8 

31.7 

25.4 

36.4 

The  loss  of  head  for  velocities  of  12,  10,  7,  5 and  3 feet 
per  second  was  taken  from  Fig.  3 and  tabulated  in  Table  A. 
By  dividing  these  losses  by  the  loss  of  head  per  foot  of 
straight  pipe  as  determined  by  the  80.09  feet  °f  straight  F>ipe 
experiments  for  the  same  velocities,  the  equivalent  length  of 
straight  pipe  in  feet  was  found.  Dividing  the  value  of  feet 
of  straight  pipe  by  the  average  pipe  diameter  (1.0306 
inches),  the  equivalent  length  of  straight  pipe  in  terms  of 
pipe  diameters  was  obtained,  thus  making  the  results  com- 
parable with  results  which  may  be  obtained  from  pipe  fit- 
tings of  different  diameters. 

From  Table  A and  Fig.  3,  it  is  seen  that  the  loss  of  head 
through  the  elbows  and  tees  increases  with  a greater  power 
of  the  velocity  than  does  the  loss  of  head  through  the 
straight  pipe.  Also  from  Table  A,  it  becomes  quite  evident 
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that  the  “long  turn”  elbow  should  be  used  in  preference  to 
the  “short  turn”  elbow  where  the  loss  of  head  is  an  impor- 
tant consideration  in  the  design  of  a pipe  line. 

Considering  the  tees,  Table  A and  Fig.  3 show  that  with 
the  ordinary  standard  tee  the  loss  of  headis  less  if  the  water 
leaves  at  the  side  than  if  the  water  enters  at  the  side,  being 
equal  in  the  former  case  to  that  due  to  30  to  50  diameters 
and  in  the  latter  case  to  that  due  to  40  to  62  diameters  of 
straight  pipe.  With  the  “long  sweep  special”  tee  the  opposite 
condition  is  found.  In  the  case  of  the  water  leaving  at  the 
side  the  loss  of  head  is  equal  to  that  due  to  35  to  50  diam- 
eters of  straight  pipe^  while  in  the  second  case  the  loss  is 
equal  to  that  due  to  25  to  46  diameters  of  straight  pipe. 
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MODERNIZING  A BOILER  PLANT 

By  W.  A.  HanUy,  Ti* 

Synopsis:  This  article  tells  in  detail  how  a small  isolated  boiler  plant 

of  approximately  700  boiler  horsepower  was  enlarged  and  modernized  so 
as  to  bring  about  a decrease  in  coal  consumption  of  22%  and  yield  an 
interest  of  33.5%  on  the  investment  necessary  to  produce  the  economies. 

In  undertaking  the  improvement  of  a boiler  plant,  the 
local  conditions  as  to  nature  of  service  required,  available 
equipment  at  hand,  space  for  new  equipment,  coal  supply, 
etc.,  are  all  factors  which  must  enter  into  the  final  conclu- 
sion. That  additional  capacity  was  necessary,  and  that  a 
saving  in  both  labor  and  fuel  could  be  made  at  the  Indianap- 
olis plant  of  Eli  Lilly  & Company,  had  been  apparent  for 
some  time,  and  in  the  fall  of  1912’  the  matter  was  taken  un- 
der investigation. 

The  problem  at  hand  was  to  supply  250,000  pounds  to 

350.000  pounds  of  saturated  steam  per  day,  with  a maximum 
demand  of  30,000  pounds  per  hour,  not  falling  below  15,000 
pounds  per  hour  except  at  night,  at  a pressure  of  120  pounds 
gauge,  from  200  degrees  Fahrenheit  feed  water.  This  steam 
was  to  be  used  for  all  general  purposes  throughout  the 
plant,  about  40  per  cent,  being  taken  in  the  central  power 
house  for  generating  electricity,  compressing  air,  pumping 
water,  etc.,  and  60  per  cent,  in  heating,  evaporating,  drying 
and  other  processes  throughout  the  laboratories. 

The  equipment  at  hand  consisted  of  two  type  E-200 
H.  P.  Stirling  boilers  in  one  battery,  and  a single  unit  of 
300  H.  P.  of  - the  same  make  and  type.  These  boilers  were 
connected  into  a brick  lined  steel  stack  6 feet  in  diameter  and 
1 13  feet  high,  and  were  each  equipped  with  an  American 
Underfeed  Stoker.  Forced  draft  from  an  engine-driven 
fan  was  also  piped  under  each  furnace.  An  open  type 
heater,  hot  water  softener,  and  two  boiler  feed  pumps  were 
all  found  in  good  condition  and  of  ample  capacity.  Nut  coal 
from  eastern  Kentucky,  having  the  same  general  character- 
istics as  Pocahontas,  and  having  a fuel  value  of  13,500  to 

14.000  B.  t.  u.  per  pound,  at  a cost  of  $2.70  per  ton  delivered 
in  front  of  boilers,  was  being  used.  The  boilers  were  clean, 
settings  tight,  appliances  in  very  good  condition,  and  no 
local  wastage  of  steam  or  coal  was  evident.  Coal  was  hauled 
direct  from  cars  or  from  storage  yard  in  wagons,  and  was 
unloaded  by  hand  into  bins  in  boiler  room,  from  where  it 
was  shoveled  into  hoppers  of  stokers.  Ashes  were  dragged 
out  from  under  boilers  onto  boiler  room  floor,  and  wheeled 


* Mech.  Engineer,  The  Eli  Lilley  Co.,  Indianapolis,  Ind. 


io8 


Purdue  Engineering  Reviezv 


in  barrows  to  alley  adjacent  to  boiler  room,  where  they  were 
dumped.  From  this  point  they  were  reloaded  into  wagons 
and  hauled  to  trash  dumps. 

The  installation  of  a daily  log,  showing  pounds  of  coal 
delivered  to  boiler  room,  number  of  boilers  under  fire,  load 
variation,  etc.,  was  accomplished.  At  the  same  time  a com- 
bined indicating  and  recording  venturi  meter  was  installed 
on  the  boiler  feed  line,  and  figures  ascertained  as  to  repairs 
and  labor.  Tests  under  operating  conditions,  over  8-hour 
and  io-hour  periods,  following  the  A.  S.  M.  E.  code,  using 
a throttling  calorimeter,  and  weighing  the  water  and  coal 
were  then  run  on  each  of  the  three  boilers,  and  on  the  boilers 
in  pairs  as  they  were  operated.  At  the  same  time  the  venturi 
meter  was  checked  and  found  to  be  correct  to  within  4 per 
cent,  under  extreme  conditions  of  variation. 

The  tests  and  records  showed  the  following  to  be  true : 

1st.  That  the  boilers  could  not  be  operated  above  95 
per  cent,  of  rated  capacity. 

2nd.  That  the  fuel  cost  averaged  15.68  cents  per  1,000 
pounds  of  water  evaporated  under  operating  conditions. 

3rd.  That  owing  to  limited  capacity  the  300  H.  P. 
boiler  must  be  in  constant  use,  except  on  Sundays,  and  an 
accident  to  same  would  mean  closing  part  of  the  plant. 

4th.  That  owing  to  the  absence  of  railroad  switching 
facilities  and  a prohibitive  cost  to  install  same,  the  cost  of 
handling  coal  could  not  be  decreased. 

5th.  That  the  cost  of  handling  ashes  could  be  materi- 
ally reduced,  and  a large  part  of  the  energy  used  to  drive 
stokers  and  draft  fan  could  be  saved. 

6th.  That  cost  for  repairs  had  not  been  excessive  and 
could  not  be  lowered  an  appreciable  amount. 

With  the  above  facts  well  established  it  was  therefore 
determined  to  install  such  equipment  as  would  give  addi- 
tional boiler  capacity,  lower  evaporation  cost  for  fuel,  lower 
ash  handling  costs,  and  reduce  the  energy  consumed  in 
stoker  and  fan  drives. 

An  addition  was  made  to  the  boiler  room  of  sufficient 
size  to  accommodate  a battery  of  type  L-16  312  H.  P.  Stir- 
ling boilers,  and  one-half  the  battery,  that  is,  one  boiler  of 
312  H.  P.,  was  installed.  As  Indiana  screenings  offered  the 
greatest  number  of  available  heat  units  for  the  least  amount 
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of  money,  and  as  satisfactory  guarantees  both  as  to  efficiency 
and  capacity  could  be  obtained  from  reliable  stoker  com- 
panies, it  was  decided  to  use  such  fuel. 

A contract  was  made  with  the  Green  Engineering  Com- 
pany, of  Chicago,  Illinois,  to  remove  the  old  stokers  and  in- 
stall chain  grate  stokers  and  high  pressure  water  backs  on 
each  boiler,  remodel  and  re-line  the  furnaces,  rebuild  the 
fronts  of  boilers,  construct  an  ash  tunnel  under  boilers,  and 
install  a bucket  ash  conveyor  and  ash  bin  at  the  end  of 
boiler  room.  Their  contract  also  covered  the  installation  of 
a drive  for  stokers  and  the  brick  work  and  breeching  con- 
nection on  the  new  type  E-16  Stirling  boiler.  Practically  the 
entire  work  and  all  details  were  covered  in  this  contract 
except  steam  and  water  piping  and  electrical  wiring.  All 
the  work  had  to  be  done  without  interfering  with  the  opera- 
tion of  the  plant,  and  the  work  under  boilers  as  to  tunnel, 
et.,  was  accomplished  while  the  boilers  were  under  fire. 

The  concrete  tunnel  under  boiler  room  was  made  8 feet 
wide  and  8 feet  high.  The  ash  pits  were  made  exceptionally 
large.  A dumping  ash  cart  on  a narrow  gauge  track  passed 
in  front  of  the  ash  door  under  each  boiler.  The  track  termi- 
nated in  a boot  at  the  end  of  boiler  room,  where  the  ashes 
were  dumped  and  hoisted  to  the  ash  bin  outside  the  building. 
This  bin  was  of  sufficient  capacity  to  carry  three  days’  sup- 
ply of  ashes  and  was  elevated  so  that  wagons  could  drive 
under  same  and  load  by  opening  a gate  in  bottom  of  bin. 
The  ash  tunnel  ceiling  carried  the  shafting  for  driving  the 
stokers.  The  stokers  were  driven  by  two  units  both  located 
on  boiler  room  floor,  one  being  a 7^4  H.  P.  50  per  cent, 
variable  speed  motor  and  the  other  a 5"  x 6"  vertical  steam 
engine.  As  a matter  of  safety  it  was  considered  necessary 
to  install  two  units,  and  as  electricity  was  not  available  on 
certain  nights  and  Sundays  it  was  necessary  to  install  the 
engine,  the  motor  being  used  under  all  other  conditions. 

The  furnaces  were  reconstructed  and  made  of  the 
Dutch  oven  type  with  deep  ignition  arches,  and  the  high 
pressure  water  backs  were  made  of  extra  heavy  5-inch  pipe 
and  equipped  with  GECO  fittings.  Ample  provision  was 
made  under  the  furnaces  for  the  recovery  on  boiler  room 
floor  of  droppings  from  grates.  The  ash  conveyor  was 
driven  by  a 5-inch  by  6-inch  vertical  steam  engine,  being  the 
same  size  and  type  as  the  auxiliary  stoker  drive.  As  ashes 
were  to  be  handled  at  night,  electricity  would  not  be  avail- 
able for  driving  a motor  at  that  time.  The  breeching  to  the 
new  boiler  was  made  as  large  and  with  as  wide  sweep  bends 
as  possible. 
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The  guarantees  as  set  forth  in  the  contract  with  the 
Green  Engineering  Company  are  quoted  below  as  follows : 

“The  contractor  will  give  guarantee  the  following  re- 
sults, when  furnished  with  coal  of  at  least  10,000  B.  t.  u. 
and  a draft  of  not  less  than  3-10  inch  of  water  in  the  furnace 
over  the  fire : 

( 1 ) To  maintain  an  efficiency  of  approximately  68  per 
cent,  under  operating  conditions,  the  stokers  being  fired 
under  contractor’s  instructions. 

(2)  To  obtain  an  overload  capacity  of  30  per  cent. 

(3)  To  eliminate  smoke  so  as  to  conform  to  the  In- 
dianapolis smoke  ordinance. 

(4)  That  the  cost  of  metal  repair  parts  for  stokers 
will  not  exceed  $20.00  per  stoker  per  year  for  a period  of  3 
years,  and  that  the  metal  repair  parts  purchased  will  not 
cost  to  exceed  $50.00  per  ton.” 

In  order  to  obtain  the  required  draft  it  was  found  neces- 
sary to  increase  the  height  of  the  stack  by  50  feet,  making  it 
163  feet  high.  This  was  done  by  another  contractor  with 
the  stack  in  constant  use,  after  some  preliminary  work  had 
been  done  as  follows : On  the  first  Sunday  the  ornamental 
top  and  water  table  were  removed,  on  the  second  Sunday  a 
six-foot  steel  section  was  added  with  an  opening  in  the  side 
of  same  to  allow  smoke  to  escape,  and  on  the  third  Sunday 
another  six-foot  section  was  added  with  a steel  plate  in  bot- 
tom of  same  thus  closing  completely  the  top  of  the  stack. 
Thereafter  the  work  was  carried  on  with  the  stack  in  use, 
and  when  the  full  50  feet  had  been  added,  the  sheet  closing 
the  top,  above  referred  to,  was  removed  and  the  side  opening 
covered. 

To  complete  the  entire  installation  of  new  stokers,  etc., 
required  a period  of  about  six  months.  At  the  end  of  such 
time  an  acceptance  test,  under  ordinary  operating  conditions, 
was  run  on  each  boiler.  With  Indiana  screenings  of  about 
11,000  B.  t.  u.  per  pound  an  overall  efficiency  of  70  per  cent, 
was  obtained,  and  a capacity  of  75  per  cent,  overload  de- 
veloped on  each  boiler. 

In  order  to  determine  what  coal  could  be  used  most 
economically,  a series  of  ten  steaming  tests,  under  operating 
conditions,  covering  periods  of  6 hours  to  10  hours  were 
made,  using  various  grades  of  Indiana  and  Illinois  screen- 
ings. A careful  comparison  showed  that  coal  furnished  by 
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the  Garstang  Fuel  Company,  of  Indianapolis,  Indiana,  and  • 
mined  by  the  S.  W.  Little  Coal  Company,  of  Evansville,  In- 
diana, by  analysis  and  by  test  should  be  used.  Some  better 
and  some  poorer  grades  of  coal  were  tested,  but  at  relatively 
higher  prices.  The  general  characteristics  of  this  coal  from 
a large  number  of  analyses  made  in  our  own  laboratories  at 
different  seasons  of  the  year  shows  it  to  be  as  follows : 

i*4  inches  Nut  and  Slack  coal  from  No.  5 vein,  Pike 
County,  Indiana. 


V.  C.  M 25.86  per  cent. 

Fixed  Carbon  48.98  per  cent. 

Moisture  11*58  per  cent. 

Ash 13.58  per  cent. 


Calculated  value  B.  t.  u.  per  lb.  11,270 

Statistics  for  the  first  year  after  this  installation  was 
complete  showed  that  91,775,000  pounds  of  water  had  been 
evaporated,  at  a fuel  cost  of  12.21  cents  per  thousand  pounds, 
which  represented  3.47  cents  saving  per  thousand  pounds  or 
a total  of  $3,183.90  on  fuel  alone.  In  addition  to  the  above 
the  savings  in  labor  for  hauling  and  handling  ashes  were 
$140,  and  the  saving  in  steam  for  fan  and  stoker  drives  $200, 
making  a total  return  from  the  investment  of  $3,523.90  for 
the  year.  Repairs  have  been  very  little,  but  no  actual  saving 
can  be  counted  on  this  item  as  the  same  may  increase  with 
the  age  of  the  installation.  The  total  expenditures  for 
building,  boilers,  stokers,  stack,  and  equipment  represented 
about  $25,000.  Of  this,  $14,500  was  spent  to  increase  capac- 
ity and  $10,500  to  produce  economies.  The  gross  return, 
therefore,  of  $3,523.90  per  annum  on  the  $10,500  expendi- 
ture represented  33.5  per  cent. 

The  boilers  have  been  operated  at  from  50  per  cent,  to 
75  per,  cent,  above  capacity  at  all  times,  as  this  has  been 
found  to  be  most  economical.  No  delays  or  failures  in  serv- 
ice have  been  experienced,  and  the  smoke  ordinance  has 
been  fully  complied  with. 


112 


Purdue  Engineering  Review 


CONDENSATION  METERS 

By  W.  T.  Miliar,  T6 

Synopsis:  Three  methods  of  metering  steam  heat  to  consumers  of  cen- 

tral station  heat  are  explained.  The  condensation  meter  is  rapidly  replac- 
ing other  methods  and  is  giving  very  satisfactory  service.  These  meters  are 
of  two  types:  the  weight  and  the  volumetric.  The  operation,  care,  faults, 
and  advantages  of  each  are  discussed  in  this  article. 

The  most  important  phase  of  central  station  steam  heat- 
ing work  is  selling  heat.  There  are  in  common  practice  to- 
day two  methods  of  disposing  of  the  product;  the  fiat  rate, 
based  on  square  feet  of  radiation,  and,  a schedule  rate  based 
on  the  actual  amount  of  steam  condensed  in  the  particular 
system. 

In  the  younger  days  of  central  station  steam  heating,  it 
was  realized  that  the  logical  way  to  sell  service  was  to  base 
the  rates  upon  actual  consumption,  but  the  methods  of 
measuring  the  quantities  of  steam  supplied  to  various  cus- 
tomers were  very  crude  and  led  to  unwarrantable  errors. 
The  difficulty  experienced  in  determining  a fair  approxima- 
tion at  the  steam  supplied,  led  to  the  adoption  of  a flat  rate 
which  was  originally  based  on  the  cubical  contents  of  the 
building  to  be  heated.  This  method  made  no  allowance  for 
the  exposed  walls,  window  or  glass  surface  and  proved  un- 
satisfactory because  of  this  fact.  The  original  flat  rate 
evolved  into  a rate  based  on  the  number  of  square  feet  of 
radiation  installed.  The  rate  per  square  foot  was  based  on 
an  assumption  as  to  the  quantity  of  steam  condensed  per 
square  foot  per  season.  As  exposed  wall  and  glass  areas 
were  considered  when  the  number  of  square  feet  of  radia- 
tion was  computed,  this  method  of  determining  the  rate  was 
fairer  to  the  consumer  and  producer  than  the  earlier  one. 
However,  there  is  a personal  element  which  entered  into  the 
problem  in  that  some  consumers  through  carelessness  may 
cause  the  rate  of  condensation  per  square  foot  of  radia- 
tion to  rise  a considerable  amount  above  that  upon  which  the 
rates  were  based.  Again,  a careful  customer  might  cause 
the  rate  of  condensation  to  become  considerably  lower  than 
that  for  which  he  was  paying.  While  the  average  may  be 
near  the  rate  assumed,  the  careful  customer  was  paying  for 
the  negligence  of  the  other.  In  order  to  eliminate  this  fault, 
the  greater  number  of  companies  are  at  the  present  time 
adopting  a schedule  based  on  the  actual  amount  of  steam 
supplied  to  each  individual  consumer.  This  scheme  has  been 
made  possible  by  the  perfection  and  simplification  of  devices 
for  measuring  the  flow  of  steam  and  condensation. 
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Dump  Bucket  Type  Meter. 


There  are  several  meters  on  the  market  designed  to 
measure  the  flow  of  steam.  These  meters  are,  by  merit  of 
their  fundamental  principles,  divided  into  two  classes ; those 
depending  upon  a constant  velocity  of  steam,  and  those  based 
on  a constant  supply  area.  Meters  of  both  types  have  been 
perfected  but  are  necessarily  of  a rather  delicate  construc- 
tion ; this  means  that  they  are  somewhat  costly  and  that  they 
require  considerable  attention.  These  facts  limit  their  gen- 
eral use  to  power  plants  and  large  consumers  of  steam,  since 
the  initial  cost  and  cost  of  maintenance  prohibits  them  from 
being  supplied  to  numerous  small  consumers. 

The  condensation  meter  solves,  to  a great  extent,  the 
problem  of  providing  a cheap  and  sufficiently  accurate  means 
of  measuring  the  steam  supplied  to  small  consumers.  Since 
the  perfection  of  this  type  of  meter,  the  central  station  steam 
heating  industry  has  made  its  greatest  strides.  Condensa- 
tion meters  are  primarily  gravity  meters  and  cannot  dis- 
charge against  pressure.  Three  principles  of  operation  are 
incorporated  in  the  condensation  meters  commonly  used  by 
central  station  heating  companies ; those  that  are  based  upon 
volumetric  measurement,  those  that  record  the  weight  of 
fluid  passing  through  it,  and  those  that  are  based  on  the 
trap  principle.  Of  these  types  the  volumetric  and  weight 
meters  are  the  most  common  due  to  their  simplicity.  Per- 
haps the  most  common  of  the  weight  meters  is  the  Simplex, 
while  the  most  popular  of  the  volumetric  meters  is  the 
Detroit. 

The  Simplex  meter  is  of  the  dump  bucket  type,  and  has 
two  buckets  balanced  on  a shaft  which  rocks  as  they  alter- 
nately fill  and  dump.  The  condensation  enters  into  a receiv- 
ing chamber  where  the  stream  is  divided  by  means  of  a 
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baffle  plate  in  order  that  the  velocity  may  be  diminished. 
From  the  receiving  chamber  the  condensation  passes  through 
a nozzle  and  flows  in  a thin  stream  into  the  main  chamber  of 
the  meter  where  the  partition  between  the  buckets  deflects  it 
into  the  bucket  that  is  being  filled.  As  the  bucket  fills,  the 
increase  in  weight  causes  it  to  overbalance  the  empty  bucket 
and  it  falls  into  a position  that  permits  the  condensation  to 
flow  into  the  bottom  of  the  main  chamber  from  which  it  is 
drained  through  an  outlet  at  either  end.  A plunger  is  at- 
tached to  the  bottom  of  each  bucket  which  fits  into  a corre- 
sponding dash  pot  fixed  to  the  bottom  of  the  meter.  These 
dash  pots  are  filled  with  water  at  all  times  and  the  cushion 
action  tends  to  make  the  action  of  the  meter  noiseless.  A 
set  screw  is  provided  by  means  of  which  the  travel  of  the 
buckets  may  be  regulated,  thereby  controlling  the  capacity  of 
the  buckets.  A revolution  counter  records  the  oscillations 
and  reads  in  pounds  of  condensed  steam.  The  shaft  is  sup- 
ported at  each  end  by  means  of  bronze  cones  and  cups  in 
which  bronze  balls  are  used.  The  bearings  are  supported  in 
removable  caps  attached  to  the  meter  case.  These  meters 
are  calibrated  to  operate  at  a temperature  of  about  180  de- 
grees F.  The  error  involved  at  rated  capacities  is  very  small 
but  the  impact  effect  of  the  condensation  entering  the  buck- 
ets causes  a noticeable  error  when  the  meter  is  operated  at 
overloads  and  at  exceptionally  light  loads. 

The  Detroit  meter  is  of  the  revolving  drum  type,  and  its 
mechanism  consists  of  a cylindrical  copper  drum  which  is 
divided  into  six  scroll  shaped  compartments.  A brass  spout 
which  is  attached  to  the  meter  case  but  not  to  the  drum  ad- 
mits the  condensation.  In  the  bottom  of  the  spout  and  ex- 
tending its  entire  length  is  the  inlet  opening  through  which 
the  condensation  is  admitted  in  a thin  stream  to  each  com- 
partment of  the  drum  as  it  rotates.  Due  to  the  shape  of  the 
compartments  and  to  the  fact  that  any  one  compartment 
cannot  fill  and  discharge  at  the  same  time,  any  change  in  the 
volume  or  velocity  of  the  incoming  condensation  cannot 
affect  the  discharge  and  consequently  cannot  affect  the 
accuracy  of  the  meter.  The  compartments  are  exactly  the 
same  size,  and  as  each  receives  and  discharges  the  same 
volume  of  water  at  each  revolution,  the  same  quantity  of 
condensation  passes  through  the  drum  at  each  revolution. 
When  the  inflow  of  water  stops,  the  motion  of  the  drum 
ceases  and  the  water  in  the  compartments  remains  there 
until  the  flow  is  resumed.  The  drum  is  made  of  sheet  cop- 
per and  is  very  rigid  in  construction.  The  bearings  which 
support  the  drum  consist  of  hard  bronze  flanges  which  are 
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soldered  to  the  drum.  These  flanges  are  supported  by 
bronze  rollers  held  in  cast  bronze  brackets  mounted  inside 
the  cast  iron  casing.  The  registering  device  consists  of  a 
clockwork  revolution  counter  which  reads  in  pounds  of  con- 
densation per  revolution.  The  clockwork  is  protected  by  a 
glass  dial  and  is  enclosed  in  a housing  that  is  cast  integral 
with  the  casing.  The  meter  is  calibrated  for  a temperature 
of  about  140  degrees  F.  and  is  accurate  with  1%  at  all  loads. 
This  meter  is  adapted  to  vacuum  service  when  used  in  con- 
nection with  a vacuum  trap. 

The  faults  to  be  found  in  the  operation  of  condensation 
meters  are  usually  due  to  lack  of  care  in  their  installation 
and  maintenance.  As  condensation  meters  are  more  apt  to 
read  under  than  over,  it  is  to  the  interest  of  the  operating 
companies  to  maintain  a rigid  system  of  maintenance  and 
inspection.  All  meters  should  be  overhauled,  cleaned  and 
calibrated  at  least  once  each  year. 

Perhaps  one  of  the  most  serious  handicaps  on  hot  water 
central  station  heating  is  the  fact  that  no  suitable  means  of 
metering  the  heat  has  been  perfected.  Devices  for  register- 
ing the  comparatively  small  differences  in  temperature  and 
pressure  would  be  necessarily  very  delicate  and  hence  too 
costly  to  warrant  an  elaborate  installation.  Could  a simple 
and  hardy  device  be  perfected  to  register  these  differences, 
the  results  might  be  more  satisfactory  than  those  now  ob- 
tained through  the  use  of  condensation  meters  in  the  steam 
systems,  as  the  chief  objection  to  their  use  is  that  the  con- 
densation may  be  diverted  or  lost  before  it  reaches  the  meter. 
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The  splendid  support  that  the  Alumni  of  Purdue  Uni- 
versity are  giving  to  the  Review  is  reflected  very  well  by  the 
list  of  contributors  to  the  publication  this  year.  Never  since 
the  call  has  been  made  for  papers  has  the  response  been  more 
prompt  and  the  material  so  plentiful,  and  it  is  with  distinct 
regret  that  we  are  unable  to  publish  all  the  good  articles  that 
were  offered  us  this  year.  When  so  many  busy  men,  who 
are  constantly  being  pushed  by  the  cares  and  responsibilities 
of  business,  as  many  Purdue  men  are,  offer  to  take  the  time 
and  go  to  the  trouble  of  working  up  a paper  for  publication 
in  the  Review,  we  feel  decidedly  encouraged  and  feel  that 
the  Alumni  body  in  general  appreciates  the  work  that  the 
Review  is  doing  and  the  place  that  it  is  trying  to  fill. 

The  Engineering  Review  is  the  journal  of  the  Engineer- 
ing Societies  of  Purdue  University.  It  is  published  by  their 
Board  for  the  purpose  of  advertising  Purdue  and  the  kind 
of  work  that  Purdue  men  are  doing  as  engineers  in  different 
parts  of  the  world.  The  publication  reaches  the  members  of 
the  Engineering  Societies  of  the  Central  and  Middle  West- 
ern States,  the  engineering  students  of  several  of  the  leading 
technical  universities,  in  addition  to  several  hundred  busi- 
ness firms  in  all  parts  of  the  country. 
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irpartmpnt  Sfates 


SCHOOL  OF  ELECTRICAL  ENGINEERING 

PERSONNEL 

Little  change  has  been  made  in  the  staff  of  the  School 
of  Electrical  Engineering  during  the  past  year,  as  the  organ- 
ization for  the  year  1914- 15  was  considered  to  be  a particu- 
darly  strong  one.  One  assistant,  Mr.  G.  C.  Blalock,  was 
added  to  the  corps  making  a total  of  thirteen.  Mr.  Blalock 
is  a graduate  of  the  University  of  Michigan  in  Electrical 
Engineering  and  since  graduation  has  obtained  some  valu- 
able experience  on  the  Electrical  Engineering  staff  of  the 
Municipal  Board  of  the  city  of  Los  Angeles,  California. 
Professor  A.  N.  Topping,  who  for  a number  of  years  has 
been  in  charge  of  the  Junior  work  and  specialized  work  in 
illuminating  engineering,  has  been  made  full  professor  of 
Electrical  Engineering.  Professor  Alfred  Still  is  now  pro- 
fessor of  Electrical  Design.  Mr.  D.  L.  Curtner  has  been 
advanced  from  the  grade  of  assistant  to  that  of  instructor 
during  the  past  year. 

Professor  C.  Francis  Harding,  head  of  the  school,  has 
continued  to  act  during  the  year  as  chairman  of  the  sub- 
committee on  Technical  Education  of  the  National  Electric 
Light  Association  and  represented  the  Indiana  Engineering 
Society  at  the  recent  conference  of  representatives  of  State 
Engineering  Societies,  looking  toward  closer  co-operation 
between  such  organizations. 

CHANGE  OF  COURSE 

Some  marked  improvements  have  been  made  in  the 
course  in  Electrical  Engineering  during  this  year,  involving 
the  completion  of  the  work  in  mathematics  at  the  middle  of 
the  Junior  year,  thereby  permitting  more  work  in  applied 
Electrical  Engineering  to  be  administered  to  Juniors.  The 
Senior  course  in  Corporate  Organizations  which  offers 
training  in  the  organization,  management  and  financial  rela- 
tions of  corporations  will  be  required  work  for  the  second 
semester  during  the  coming  year  while  the  elective  courses 
will  be  confined  to  the  first  semester  of  the  Senior  year. 
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RESEARCH 

A large  amount  of  research  work  has  been  carried  on 
during  the  past  year  in  the  School  of  Electrical  Engineering, 
particularly  with  regard  to  the  testing  of  very  high  voltage 
insulators  and  interference  between  high  voltage  lines  and 
parallel  telephone  lines.  The  latter  problem,  which  is  be- 
coming of  much  practical  importance  with  the  increase  in 
the  number  and  voltage  of  transmission  lines,  is  being 
studied  with  respect  to  both  the  experimental  line  at  the 
University  and  some  long  transmission  lines  in  practical 
operation.  The  results  of  this  work  together  with  that  in 
the  electric  railway  field  are  being  published  in  the  proceed- 
ings of  the  various  engineering  societies  and  in  the  technical 
press. 


SCHOOL  OF  CIVIL  ENGINEERING 

PERSONNEL 

The  resignation  of  R.  L.  Sackett,  who  is  now  Dean  of 
the  Engineering  Schools  at  Penn.  State  College,  was  re- 
gretted by  the  faculty  of  the  School  of  Civil  Engineering. 
Professor  Sackett’s  work  is  being  cared  for  by  Professor 
Wiley  and  Mr.  Greve,  assisted  by  Mr.  C.  C.  Brown,  a prac- 
ticing engineer  and  also  Editor  of  Municipal  Engineering  at 
Indianapolis.  Mr.  Brown  was  formerly  Professor  of  Civil 
Engineering  at  Union  College,  Schenectady,  N.  Y.,  and  con- 
sulting engineer  for  the  New  York  State  Board  of  Health. 

Mr.  R.  C.  Pierce,  graduate  of  the  University  of  Illinois, 
and  formerly  with  the  Reclamation  Service,  was  appointed 
Instructor  in  Civil  Engineering. 

LABORATORY  FOR  TESTING  MATERIALS 

Professor  Scofield  has  installed  a special  testing  appara- 
tus for  determining  the  most  efficient  design  of  reinforcing 
material  for  concrete  roads.  A slab  is  uniformly  loaded 
with  a testing  pad  under  air  pressure,  and  the  consequent 
deformation  and  deflection  throughout  the  entire  slab  are 
measured. 

Professor  Martin  has  determined  the  flexural  strength 
of  road  sections  made  up  of  a concrete  base  with  a brick  top 
as  compared  to  a solid  concrete  road. 

Professor  Albert  Smith  has  continued  his  painstaking 
investigations  of  the  distribution  of  stresses  throughout  riv- 
eted steel  joints  to  determine  the  slipping  point  of  the  rivets 
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and  the  proportionate  share  of  the  load  carried  by  the  vari- 
ous rivets.  In  this  work  the  deformation  throughout  the 
entire  joint  is  indicated  by  the  rotation  of  small  mirrors. 

Professor  Scofield  in  co-operation  with  Professor  Wal- 
lace of  the  School  of  Mechanical  Engineering,  has  be^n  in- 
vestigating the  strength  of  side  frames  for  railway  cars.  A. 
survey  of  the  deformation  is  made  throughout  the  entire 
side  frame  with  a view  to  economic  design. 

The  laboratory  has  rendered  service  to  the  Indiana 
Sand  and  Gravel  Producers’  Association  by  determining  the 
most  efficient  division  plane  between  the  fine  and  coarse 
aggregates,  screened  from  gravels  for  use  in  concrete.  The 
present  practice  calls  for  this  division  between  sand  and 
gravel  on  a sieve  with  ^4 -inch  openings.  It  has  been  deter- 
mined that  a screen  with  y%- inch  openings  will  yield  as 
strong  a concrete  in  many  cases  and  will  make  use,  without 
waste,  of  nearly  the  entire  output  of  the  gravel  beds  as  found 
in  many  places  in  Indiana.  In  conjunction  with  Professor 
Peffer  of  the  School  of  Chemical  Engineering,  a series  of 
tests  is  under  way  to  discover  the  most  efficient  materials 
with  which  to  protect  concrete  against  disintegrating  agen- 
cies. 

HYDRAULIC  LABORATORY 

The  determination  of  the  loss  of  head  due  to  the  flow 
of  water  through  one-inch  straight  pipe,  elbows,  bends, 
valves  and  special  fittings  has  been  completed.  The  investi- 
gation is  being  continued  during  the  present  year  on  1^2 -inch 
pipe  by  Mr.  Greve  and  Mr.  Stanley. 

TOPOGRAPHICAL  ENGINEERING 

For  the  first  time,  the  School  of  Civil  Engineering  has 
taught  the  elements  of  the  use  of  the  transit  and  level  in 
marking  out  straight  and  level  lines  to  Juniors  in  the  School 
of  Mechanical  Engineering.  These  exercises  are  a portion 
of  the  course  in  Junior  Laboratory.  The  student  reports 
for  five  afternoons  during  the  semester.  It  is  not  expected 
that  these  men  will  obtain  competency  in  the  use  of  the  in- 
struments in  field  work  of  civil  engineering.  They  will  be 
able  to  lay  out  factory  buildings,  foundations  and  line  up 
shafting. 

The  Engineering  Camp  for  the  summer  of  1915  was 
held  at  Pentwater,  Michigan,  from  May  29  to  July  3.  Pent- 
water  is  a town  of  about  1,200  inhabitants  on  the  east  shore 
of  Lake  Michigan,  about  270  miles  north  of  Lafayette.  The 
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camp  was  attended  by  sixty-five  students,  five  instructors, 
one  janitor  and  three  cooks.  The  cost  for  board  and  lodging 
approximated  $5.00  per  week.  The  entire  cost  to  each  stu- 
dent was  less  than  $40.00.  Last  year’s  success  has  led  to 
arrangements  for  the  1915  camp  at  Pentwater  for  a period 
of  six  weeks.  The  school  is  considering  plans  for  a perma- 
nent surveying  camp  on  land  owned  by  the  University  on 
which  a permanent  building  can  be  erected. 

HIGHWAY  ENGINEERING 

Professor  Martin  has  held  one  district  road  school,  and 
four  county  road  schools  in  the  State,  each  one  attended  by 
over  fifty  persons,  together  with  about  fifteen  community 
meetings.  Continued  service  has  been  given  to  road  officials 
in  advice  upon  road  problems.  Several  field  experiments  in 
road  building  are  under  way  in  co-operation  with  the  U.  S. 
Office  of  Public  Roads.  Professor  Martin  has  published  one 
bulletin  on  road  maintenance,  and  two  leaflets  on  gravel 
roads  and  the  use  of  the  road  drag.  The  official  state  road 
school  was  unusually  successful  this  year,  being  attended  by 
over  sixty  state  officials.  The  School  of  Civil  Engineering 
is  serving  the  State  of  Indiana  in  a thorough  way  in  High- 
way Engineering. 


SCHOOL  OF  CHEMICAL  ENGINEERING 

This  school  has  enjoyed  a year  of  very  satisfactory 
growth,  characterized  by  such  a heavy  demand  for  the  serv- 
ices of  graduates  that  only  a portion  of  the  available  open- 
ings could  be  filled. 

The  new  plan  of  administration  of  mathematics  for  the 
engineering  schools,  whereby  the  latter  subject  is  completed 
in  the  first  semester  of  the  Junior  year,  has  permitted  of  the 
further  improvement  of  the  curriculum  of  this  school  by  the 
introduction  of  a course  in  Physical  Chemistry  in  the  Senior 
year. 

During  the  year  additional  work  has  been  done  along 
the  line  of  investigating  the  action  of  organic  acids  and  salts 
on  concrete,  as  well  as  on  methods  for  the  measurement  of 
film  thickness  of  lubricating  oils.  Other  work  in  progress 
at  the  present  time  consists  in  an  investigation  of  the-  effect 
of  various  substances  on  the  setting  time  and  other  proper- 
ties of  finely  ground  cement  clinker,  also  a survey  of  the 
combustion  conditions  in  a boiler  furnace. 
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SCHOOL  OF  MECHANICAL  ENGINEERING 


A brief  account  of  the  year’s  work  in  the  Department 
of  Mechanical  Engineering  for  the  past  year  may  be  sum- 
marized under  four  heads : 

PHYSICAL  GROWTH 

During  the  year  the  department  has  had  the  temporary 
use  of  $1400  worth  of  apparatus.  New  equipment  to  the 
value  of  $2360  has  been  added  to  laboratory  apparatus, 
while  friends  of  the  University  have  made  unsolicited  dona- 
tions of  $2900  worth  of  valuable  equipment  either  for  test, 
exhibition  or  routine  laboratory  work. 

RESEARCH 

Fifteen  lines  of  research  were  completed  far  enough  to 
be  worthy  of  publishing,  while  twenty  problems  are  still 
under  investigation.  The  value  of  the  research  work  is  in- 
creasing each  year  due  to  more  thought  and  planning  on  the 
part  of  the  instructors  of  the  department.  Fifteen  articles 
were  published  in  engineering  journals  and  proceedings  of 
engineering  societies  last  year,  dealing  with  modern  prob- 
lems. Twelve  notes  and  text  books  were  also  published  for 
instructional  purposes  in  this  and  other  institutions  of  learn- 
ing by  members  of  this  department. 

CHANGES  IN  INSTRUCTIONAL  STAFF 

Three  members  of  the  department  resigned  to  take  up 
more  responsible  positions.  Mr.  J.  L.  Snyder,  instructor  in 
the  Mechanical  Laboratory,  and  Mr.  H.  L.  Watson,  In- 
structor in  Machine  Design,  are  now  connected  with  com- 
mercial organizations,  and  Mr.  R.  L.  Rhoades  was  called  to 
Lehigh  University  as  Instructor  in  the  Mechanical  Labora- 
tory. The  vacancies  caused  by  these  withdrawals  have  been 
filled,  respectively  by  Mr.  F.  A.  Hill,  Iowa  State  College, 
1913;  Mr.  F.  C.  Goldsmith,  Purdue,  1910;  and  Mr.  W.  H. 
Severns,  University  of  Kansas,  1914.  The  personnel  of  the 
instructional  staff  of  this  department  numbers  nine  pro- 
fessors, six  instructors  and  two  assistants. 

INTERESTING  WORK  NOW  IN  PROGRESS 

At  the  present  time  some  very  interesting  work  is  in 
progress.  The  new  Diehl  electric  dynamometer  in  the  gas 
laboratory  makes  possible  some  interesting  work  on  inter- 
nal combustion  motors.  The  new  six-cylinder  Haynes  motor 
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is  now  being  tested  in  comparison  with  a Haynes  12,  now 
under  construction  at  Kokomo.  The  completion  of  the  belt 
testing  machine  makes  the  best  apparatus  of  this  kind  ever 
constructed  ready  for  use.  An  investigation  is  now  under 
way  in  which  five  of  the  large  pulley  manufacturing  com- 
panies are  concerned.  Work  is  still  progressing  on  the  flat 
spot  machine,  studying  the  amount  of  impact  to  the  rail  due 
to  a flat  spot  or  an  eccentric  car  wheel.  Another  interesting 
study  is  being  made  for  the  New  York  Central  Railroad  to 
learn  what  effect  the  use  of  impure  water  has  on  the  steam- 
ing properties  of  a locomotive  boiler.  A new  freight  loco- 
motive was  brought  here  and  tested  at  Purdue  University 
and  is  returning  to  the  University  every  thirty  days  to  be 
retested.  This  locomotive  uses  the  same  kind  of  water  the 
other  twenty-nine  days  during  which  it  is  on  its  regular  run. 
This  will  be  continued  until  the  boiler  is  so  badly  scaled  as 
not  to  be  able  to  carry  its  allotted  load. 

Many  other  lines  of  work  are  in  progress  but  the  ones 
mentioned  are  creating  the  most  interest  in  engineering 
circles. 


The  business  policy  of  the  Review  in  years  past  has 
been  to  get  out  a publication  that  would  exactly  break  even 
financially.  In  several  recent  issues  unlooked  for  expend- 
itures arose,  which  meant  that  a debt  had  to  be  carried  over 
from  year  to  year  to  be  met  by  the  succeeding  staff.  This 
old  debt  was  swept  away  by  a special  assessment  on  the  En- 
gineering Societies,  so  that  the  Board  began  the  year  unin- 
cumbered by  any  financial  burden.  It  has  been  the  very 
earnest  endeavor  of  the  Board  to  get  out  a publication  this 
year  that  would  be  a success  from  a business  standpoint,  that 
would  set  a mark  and  a precedent  for  succeeding  Boards  to 
follow. 


The  Review  Board  desires  to  acknowledge  the  services 
of  the  following  members  of  the  Engineering  Schools : C.  U. 
Kline,  Marvin  Hummel,  J.  H.  Emrick,  Geo.  Heidenreich, 
H.  M.  Benedict,  O.  W.  Shepard,  R.  H.  Bush,  and  to  Mr. 
D.  M.  Evans  of  the  School  of  Agriculture  for  valuable 
assistance  rendered  the  Advertising  Manager  in  the  solicita- 
tion of  advertising. 
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Purdue  University 

LAFAYETTE,  INDIANA 


A COLLEGIATE  institution  founded  upon  an 
act  of  Congress  of  July  2,  1862,  named  in 
honor  of  its  benefactor,  John  Purdue,  a citi- 
zen of  LaFayette;  aided  by  numerous  private  and 
public  gifts ; maintained  by  appropriations  from  the 
State  of  Indiana  and  the  United  States;  offers  in- 
struction in  undergraduate  and  graduate  courses  in 
Science,  Agriculture,  Engineering  and  Pharmacy. 


The  institution  possesses  superior  resources  for 
conducting  its  courses  of  instruction,  viz : 

An  Instructional  Corps  of  over  Two  Hundred 
persons. 

An  Estate  of -over  One  Thousand  Acres. 

Twenty-four  Principal  Buildings. 

Extensive  laboratories  of  Chemistry,  Physics, 
Botany,  Zoology,  Bacteriology,  Electricity,  Steam 
Engineering,  Locomotive  Engineering,  Civil  Engin- 
eering, Hydraulics,  Materials  Testing,  Practical 
Mechanics,  Pharmacy,  Soil.  Physics,  Dairying,  Hor- 
ticulture, Veterinary  Science,  Animal  Industry  and 
Experimental  Fields  and  Orchards. 

An  equipment  of  laboratory  apparatus  and  ma- 
terials in  all  departments  of  unusual  extent  and 
unique  character. 
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Mr.  Civil  Engineer: 

Ask  any  of  the  many  cities  that  have  used  “Metropol- 
itan” Paving  Block  about  the  wearing  quality  of  our  ma- 
terial. 


The  Metropolitan  Paving  Brick  Co. 

CANTON,  OHIO. 


A.  D.  COOK 

LAWRENCEBURG,  IND. 

Manufacturer  of 

Steam,  Belt  and  Motor  Driven 

Deep  Well  Pumps 

Single  and  Double  Stroke 


Write  for  Catalogue  No.  12  B and 
Bulletin  25  describing 

Cook’s  Patent  Tube  Well  Stiainer 

and  explaining  its  use. 


Every  Purdue  Student  of  Engi- 
neering remembers  bis  efficiency 
test  on  pump  in  Mechanical  Lab. 
installed  complete  by  A.  D.  Cook. 


When  writing-  to  advertisers,  please  mention  THE  REVIEW. 
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Special  Loose  Leaf  Products 


Special  Loose  Leal  Forms,  Binders  and 
Sheet  Holders  made  to  your  order  at 
“Diredt  to  Consumer”  prices. 

We  rule,  print  and  punch  forms  to  fit  any  make  of  Binder. 

(WE  HAVE  NO  AGENTS) 

Our  Product  is  Unquestionably  Superior  to  the  stand- 
ard Loose  Leaf  Lines  to  be  found  in  Stock. 

In  writing  for  Quotations  or  Samples  please  mention  the 
PURDUE  ENGINEERING  REVIEW 


I loose!  Ip 

'I  1 LEAF  |! 

Haywood  Publishing  Company 

Fadtory,  5th  and  Ferry  Sts.,  LaFayette,  Ind. 


AVhen  writing-  to  advertisers,  please  mention  THE  REVIEW. 
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Bausch  & Lomb 

ENGINEERING 

INSTRUMENTS 


Consider  the  purchase  of  an  instrument  as 
an  investment — you  buy  it  for  many  years’ 
service. 

You  want  an  investment  to  give  a certain 
return — you  know  what  your  requirements 
are  for  the  service  from  a transit  or  a level. 

Behind  your  bond  there  must  be  excellent 
security — an  instrument  would  be  no  good  to 
you  if  it  merely  served  today  and  tomorrow 
broke  down,  and  failing  to  hold  its  adjust- 
ments gave  inaccurate  readings. 

Write  for  our  new  Metro  Manual — a hand- 
book of  unusual  value  to  engineers. 

Compare  with  other  instruments — then  buy. 


Bausch  & Lomb  Optical  Go. 

New  York  Washington  Chicago  San  Francisco 


London  ROCHESTER,  N.  Y.  Frankfort 


5-Inch  Transit 


BARBEE  WIRE  & IRON  WORKS 

Manufacturers  of 

A General  Line  of  Plain  and  Ornamental 
Wire  and  Iron  Work 


LAFAYETTE,  ....  INDIANA 


WHEN 
YOU 
BUY  A 


Measuring  Tape 


YOU  MAY  BE  SURE  THAT 
You  have  an  ACCURATE  and  DURABLE  tape  of  a 
brand  that  has  given  universal  satisfaction  for 
years  and  that  the  maker  guarantees  direct  to  you 
THE  BEST — ABSOLUTELY 
INSTANTANEOUS  READINGS 
Metal  Lined  Cases,  Accurate,  Durable,  Dependable 


the fi/FK/N Pule  £o. 


Saginaw,  Mich. 
New  York 


When  writing  to  advertisers,  please  mention  THE  REVIEW. 
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£This  Reads:  19  ft,  11  in,. 

DIETZGEN  Steel  Measuring  Tapes  with 

simplified-reading  give  the  total  measurement  at  a glance — save  time — 
delay — mistakes.  Durable — built  for  long  life  and  rough  service. 

Send  for  Tape  Catalog 

EUGENE  DIETZGEN  CO.,  Manufacturers 

Chicago  New  York  San  Francisco  New  Orleans  Toronto  Pittsburgh  Philadelphia 


WATER  METERS 

For  all  Kinds  of  SERVICE 
ONE  QUALITY  ONLY— THE  BEST 

NATIONAL  METER  COMPANY 

1227  Wabash  Ave.,  CHICAGO. 


ETHICS:— Boost  and  Co-operate,  don’t  knock ! 

AMERICAN 

ASSOCIATION  OF  ENGINEERS 

is  the  “business  department”  of  the  engineering  profession.  All 
engineers  who  are  qualified  by  education  and  training  should  be- 
come certified  members,  junior  members  or  associate  members. 

ornv/ipr  is  given  to  employers  of  all  classes  of  engineers.  “The 
OLNvIUL  right  man  for  the  job”  is  the  motto  of  our  National 
Clearing  House. 

ENPINPER^1  Electrical,  Mechanical,  Mining,  Telephone, 

LllUlliLLnui  Chemical,  etc.,  of  all  classes  who  desire  to  advance 
in  their  profession  are  urged  to  co-operate  with  us  by  filing  quali- 
fications. No  charges  are  made  for  this  service.  For  information 
write 

AMERICAN  ASSOCIATION  OF  ENGINEERS 

29  So.  LaSalle  Street,  CHICAGO,  U.  S.  A. 


When  writing  to  advertisers,  please  mention  THE  REVIEW. 
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— Chicago  Bridge  & Iron  Works — 


Standard  Hemispherical 
Bottom  Steel  Tank 


ENGINEERS,  MANUFAC- 
TURERS, CONTRACTORS 


Design — Manufacture — Construct 

Water  Tanks,  Standpipes,  Oil  Tanks, 
Coal  Chutes,  Gas  Holders,  Bridges, 
Turntables,  Buildings,  Structural  Steel 

Metal  Structures  for 
Every  Purpose 

Write  us  for  plans,  specifications  and  prices 
Illustrated  catalogue  mailed  upon  request 


Eight  Track  Rolling  Lift  Bridge 


OFFICES 

Throop  and 
105th  Streets 
Chicago 

Praetorian 
Building 
Dallas,  Texas 

30  Church 
Street 
New  York 

Greenville 

Pennsylvania 

SHOPS 
Chicago,  III. 
Greenville,  Pa. 


Patented  Elliptical  Bottom  Steel  Railway 
Tank  Replacing  Wooden  Structure 


All  Steel  Coaling  Station 


When  writing  to  advertisers,  please  mention  THE  REVIEW. 
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CUTTER  PRODUCTS 


Street  and 
Industrial 
Lighting  Fixtures 


Ornamental 

Standards 

of 

Latest 

Design 


SERIES  CUTOUT  PULLEY 


Switchboards 
Panelboards 
Cutout  boxes 
Etc. 


Write  for 
Latest 

Catalogue 
No.  14 


SOL-LUX  STYLE  C 
PENDANT 


ARCADIAN  POST 


GEORGE  CUTTER  CO. 

South  Bend,  Indiana 

CHICAGO  NEW  YORK 


When  writing  to  advertisers,  please  mention  THE  REVIEW. 
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Westinghouse 

Electrical  Apparatus 

OF  ALL  DESCRIPTIONS 

AND 

Prime  Movers  and  Auxiliaries 


Generators 

Motors 

Rotary  Converters 
Switchboards 
Transformers 
Regulators 
Electric  Fans 


Steam  Turbines 
Steam  Engines 
Gas  Engines 
Mechanical  Stokers 
Condensers 
Lighting  Sets 
Pumps 


Westinghouse  Electric  & Mfg.  Co. 

EAST  PITTSBURGH,  PA. 

Sales  Offices  in  All  Large  Cities 


When  writing  to  advertisers,  please  mention  THE  REVIEW. 
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VICTOR  INSULATORS 

PIN  TYPE 


No.  311  Ins.  No.  360  Ins. 

SUSPENSION  TYPE 


Experience  has  proven  to  many  big  electric  transmission  companies  that 
“VICTOR  INSULATORS”  minimize  line  troubles.  They  are  built  to  give  de- 
pendable long-time  service.  Our  20  years’  experience  has  taught  us  how  to 
meet  every  individual  need  with  a “VICTOR”  that  is  especially  suited  to 
requirements.  We  make  many  types  for  use  in  every  service  and  every  climate. 
Our  care  in  supplying  the  correct  types  and  the  superior  quality  of  “VICTOR 
INSULATORS”  help  insure  continuous  service. 

Some  of  the  important  lines  on  which  VICTOR  INSULATORS  have  been 
selected: 

Southern  Sierras  Power  Co. 

Pacific  Light  & Power  Co.  (Big  Creek  Project). 

Panama  Canal. 

Southern  California  Edison  Co. 

Sierra  and  San  Francisco  Power  Co. 

Great  Western  Power  Co. 

Norfolk  & Western  R.  R.  Co. 

Pennsylvania  R.  R.  Co. 

Chile  Exploration  Co. 

THE  LOCKE  INSULATOR  MFC.  CO.,  - Victor,  N.  Y. 


50  CHURCH  ST.,  NEW  YORK 


When  writing  to  advertisers,  please  mention  THE  REVIEW. 
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THOMAS  BAUER,  Pres’t  and  Gen.  Mgr.  B.  F.  FAILEY,  Treasurer. 

J.  O.  HENDERSON,  Vice-Pres’t.  G.  D.  JAY,  Secretary. 

J.  A.  DOLMAN,  Cashier. 

LAFAYETTE 

BOX  BOARD  AND  PAPER  CO. 

MANUFACTURERS  OF 

Plain,  Mill  Lined  and  Sheet  Lined  Strawboard 

We  make  a Specialty  of  Numbers  Heavier  than  35’s. 


LONG  DISTANCE  TELEPHONE 
WESTERN  UNION  CODE 


Advertisers  in  the  Review  are 
Representative  of  the  best — 
Read  the  Advertisements. 


SEWER  and  CULVERT  PIPE 

ALL  SIZES,  3 inch  to  42  inch  diameter  Culvert 
Pipe,  27,  30,  33,  36  and  42  inch  in  diameter  for 
railroad  and  sewer  work  a specialty. 

EVENS  & HOWARD  FIRE  BRICK  CO. 

ST.  LOUIS,  MO. 


When  writing  to  advertisers,  please  mention  THE  REVIEW. 
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WIRE  ROPE 

is  distinctively  a rope  of  extra  quality. 


The  first  wire  rope  made  in  America  was  a 
Roebling.  Today  as  ever  Roebling  Wire  Rope  is 
recognized  as  Standard  for  every  purpose  because 
of  its  efficient  service  in  shop  and  field.  Based  on 
77  years  of  wire  rope  experience,  Roebling  En- 
gineers have  perfected  a wire  rope  for  mining, 
logging,  dredging  construction  and  all  other  fields 
that  is  unexcelled  because  of  the  adaptability  of 
its  construction  and  the  high  grade  quality  of  steel 
used  in  its  manufacture. 

John  A.  Roebling’s  Sons  Company 

TRENTON,  N.  J 
BRANCHES: 

New  York  Boston  Chicago  Philadelphia  Pittsburgh  Cleveland 
Atlanta  San  Francisco  Los  Angeles  Seattle  Portland,  Ore. 


When  writing  to  advertisers,  please  mention  THE  REVIEW. 
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A Safe  Sling 


We  manufacture  slings  from 
blue  center  wire  rope  which  is 
the  strongest  and  toughest 
wire  rope  made. 

The  use  of  these  slings  is 
recommended  for  hoisting  in 
both  shop  and  field. 

The  slings  are  not  only  ef- 
ficient and  economical,  but 
they  are  much  safer  than 
slings  which  bring  a number 
of  forgings  in  tension. 

A booklet  describing  Blue 
Center  Rope  slings  will  be 
mailed  on  application. 


John  A.  Roebling’s  Sons  Co. 

TRENTON,  N.  J. 


When  writing  to  advertisers,  please  mention  THE  REVIEW. 


Superla 

BRAND 

New  Process 
Friction  Reducing 
Oil 

EVERY  DROP  COUNTS 
Superla 

Cylinder 

Engine 

Dynamo 

Turbine 

Machine 

Transformer 

Oil 

Superla  Brand  Oils  assure  the  highest  degree  of  Lubrication  at 
minimum  cost.  Their  adoption  by  leading  industrial  works  of  the 
world  is  the  strongest  proof  of  superior  lubricating  value  and  power 
saving  properties. 

Manufactured  only  by 

STANDARD  OIL  COMPANY 

(Indiana) 

CHICAGO,  U.  S.  A. 


When  writing  to  advertisers,  please  mention  THE  REVIEW. 


BUCKEYE-BEREA 


NATURE  has  endowed  the  famous  Berea  Sandstone  with 
the  qualities  of  a Perfect  Curbing. 

It  will  not  disintegrate. 

It  will  not  crack  nor.  crumble. 

It  is  not  affected  by  Climatic  Conditions  or  Soil  Acids. 

It  is  Pleasing  in  Appearance. 

It  will  outlast  several  Pavements. 

It  can  be  taken  up  and  reset,  if  necessary. 

The  combination  of  these  qualities  place  “ BUCKEYE- 
BEREA”  SANDSTONE  CURBING  beyond  comparison 
with  Uncertain  “MAN-MIXED”  Imitation  Stone  Curbing. 

Nowhere  has  the  policy  of  buying  the  BEST  proven  more 
satisfactory  and  economical  than  in  the  purchasing  of 
“BUCKEYE-BEREA”  SANDSTONE  CURBING. 

It  is  the  most  economical  because  it  is  the  most  durable. 

“It’s  Good  when  you  get  it  and  stays  Good.” 

Write  for  the  descriptive  “Buckeye-Berea”  Booklet. 


The  Ohio  Quarries  Co. 


SANI 

CURBING 


MACHINE 

DRESSED 


CLEVELAND,  OHIO 


